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1. INTRODUCTION

The Leu Group, on behalf of Greve Financial Services, Inc., has prepared the following
Air Sparging Pilot Test Work Plan. This document provides information necessary to
conduct a pilot test to evaluate the efficacy of air sparging to treat various volatile organic
compounds (VOCs) found in the shallow groundwater at the former Angeles Chemical
site.

The former Angeles Chemical Co. facility is located at 8915 Sorensen Avenue, in the
City of Santa Fe Springs, California. The property is surrounded by Sorensen Avenue on
the east, Air Liquide Corporation to the north and northwest, Plastall Metals Corporation
to the north, and a Southern Pacific Railroad easement and McKesson Chemical
Company to the south. The former Angeles Chemical facility operated as a chemical
repackaging facility from 1976 to 2000. Figunre 1-1 is a Site Location Map. Figure 1-2
presents an aerial view of the site. The facility covers approximately 1.8 acres and is
completely fenced.

1.1 Site Identification

OWNER/CONTACT: Greve Financial Services Inc.
President: Joseph Kennedy
Address: P.O. Box 1684
Lomita, California 90717
Phone #: (310) 753-5770

EPA ID No. CAD 063837520
FACILITY APN(s): 8168-012-011 (Los Angeles County)

FACILITY ADDRESS: 8915 Sorensen Avenue,
Santa Fe Springs, California 90670-2638
Phone: / Fax: None

CONSULTANT: David J. Leu, Ph.D.
President
The Leu Group
33725 Magellan Isle, Suite 100
Monarch Beach, California 92629
Phone 949-248-5873 / Fax 949-248-5873
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SUBCONTRACTOR: Drewelow Remediation Equipment, Inc.
1523 Sterling Court
Escondido, CA 92029

2.0 PURPOSE

Air sparging (AS) pilot tests are essential to ensure that the design variables which must
be determined empirically are properly measured. They also permit the designer to try
variations on the basic design to optimize the application to a particular site geology.

The primary objective of a pilot-scale AS test is to evaluate the subsurface response to air
injection and extraction. Sufficient time typically is not available to evaluate contaminant
fate and removal rates (USACOE, 1997, Leeson et al, 2002). The primary objectives of
the pilot test being proposed for the former Angeles Chemical site include the following:

a) Determine if injected air can reach the vadose zone in the vicinity of the AS
wells,

b) Determine the pressure/flow characteristics at the location of the AS wells.

¢) Determine the duration of groundwater transients during start-up and
shutdown.

d) Determine the zone of influence and the treatinent zone around the AS wells

During continuous AS pilot tests data regarding the approximate extent of the zone of
influence (ZOI), optimal injection rates and pressures, and off-gas handling
considerations can be established. The duration of the expansion and contraction transient
phases is also of interest for pulsed AS systems. The selected strategy (pulsed versus non-
pulsed) will determine the preferred monitoring techniques and AS mode of operation.

The results of pilot-scale testing may be representative of the physical conditions (e.g.,
AS air-entry pressure, pressure distribution, air filled porosity) that will occur during full-
scale operation, but they may not be predictive of the long-term chemical behavior (e.g.,
contaminant concentrations and dissolved oxygen (DO) levels) during full-scale AS
operations. This is due to the short operational period inherent in pilot tests versus the
full scale AS operation,

This work plan is written such that the ZOI will be determined through the use of tracer
gases. Helium will be used for the vadose zone air migration evaluation and sulfur
hexafluoride (SF;) will be used for the aquifer air migration evaluation, In addition to
Z0]I, the subsurface travel times and the efficiency of capture of volatile emissions will
be estimated. DO measurements will also be taken but not necessarily relied on. This is
because there may be oxygen sinks inherent in the aquifer that may not be overcome due
to the short operational period of the pilot test. An example of an oxygen sink is reduced
iron (Fe™) that may be present in the groundwater.
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An attempt will be made to determine the contaminant extraction levels that are
attributable to sparging on a contaminant mass-per-air-volume basis. This will be done
by comparing the contaminant extraction level attributed to just soil vapor extraction (i.e.,
prior to the introduction of air sparging) to the contaminant extraction level with air
sparging. This will be done over different air sparging flow rates. Such data may be
useful if stable conditions are achieved under each flow rate tested.

3.0 SITE GEOLOGY/HYDROLOGY

Based on the borings and CPT pushes, Shaw (2004) identified six distinct
hydrostratigraphic units beneath the former Angeles Chemical site. Uppermost is an
“overburden” unit comprising a wide range of materials from fill to silty sands to clayey
silts that is designated as “unit A", Next is a well-defined clean sand (sometimes with
gravel) horizon designated as “unit B”. Following is a fine-grained predominantly sili
* zone designated as “unit C1” which is underlain by a coarser silty sand zone named “unit
D”. Next is the finest-grained unit observed, “unit C2* which is predominantly a clayey
silt that can be finer (clay) at the top, and coarser (sandy silt) with depth. Finally, “umit
E” is a clean coarse sand (similar to unit B) that is considered the top of the regional
aquifer system. Appendix A provides copies of figures contained in the Shaw (2004)
report that graphically show the characteristics and relationships of these
hydrostratigraphic units. Included are physical test results from the soil samples
collected. Boring logs for MW-11 (Shaw, 2004) and MW-9 (BEIL, 2002) are included.
These monitoring wells are the closest to the two areas in which the AS pilot test will be
conducted

A perched water zone, which is currently dry, was identified within unit B. The regional
aquifer zone from 50’ to 80° bgs (referred as the Al zone) is identified within unit E. A
zone of saturation exists between the Al and the perched water zone and is associated
with the unit D sand zone. It is this groundwater that is the subject of this work plan and
is referred to as “shallow groundwater” in this document.

Past quarterly groundwater monitoring reports have indicated that monitoring wells MW-
6, MW-8, MW-9, MW-10, MW-11, MW-12, MW-16, MW-18, MW-19, MW-22, and
MW-26 are screened within the shallow groundwater. Monitoring well MW-4 is noted as
a 'first water zone well', but has very little water (0.04 feet) in it. TLG interprets this low
value to be due to condensate inside the well that has been trapped in the end cap at the
bottom of the well casing. The well is interpreted in this report as being “dry”. MW-22
likewise has very little water in it (0.22 feet) and is also interpreted here as being “dry”.
Only MW-19 had detectable residual free product in it.
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In December 2005, the shallow aquifer was measured to be at depths between 29.90
(MW-6) and 38.98 (MW-26) feet bgs (excluding MW-4 and MW-22), A potentiometric
groundwater contour map of the shallow groundwater is included as Figure 3-1.
Groundwater in the Al zone was measured to be at depths between 37.65 (MW-23) and
42.14 (MW-15) feet bgs. Depths to groundwater and the thickness of water at each
shallow groundwater monitoring well are presented in Table 4-1.

Hydrographs are included as Figures 3-2 and 3-3. Groundwater elevations of both the
shallow aquifer and the Al zone tend to be higher in June and lower in December, which
suggests a seasonal recharge in both hydrologic zones. Groundwater levels generally
declined from June 2003 to December 2004, interpreted as being due to limited rainfall,
which supplies seasonal recharge. The most recent groundwater elevations measured in
December 2005 coincide with recent seasonal changes with an decrease in water
elevations in 12 wells (mostly in the A1 Zone) and an increase in the first water wells
MW-8, -9, -10, 11, 12, 18, and -19.

4.0 PILOT TESTING PROCESS

The basic steps involved in conducting the AS pilot test are described in this section,

A pilot testing process checklist that will be used in the field is provided in Appendix B.
This checklist summarizes key pilot test activities that should be completed in order to
confirm air sparging feasibility and obtain the information necessary to successfully
design a full-scale air sparging system. This checklist was developed based on the work
of Leeson et al. (2002) and was taken from a document entitled “Air Sparging Guidance
Document (Naval Facilities Engineering Command, 2001). The checklist is organized by
activity (i.e., baseline sampling) and briefly describes the method for data collection and
the objective or questions that will be answered by interpretation of the data.

A description of the equipment to be used in the AS pilot test is contained in Section 5.0.
A discussion on the pilot testing process follows.

4.1 Baseline Sampling

Baseline sampling represents a critical step in the pilot test process. For several of the
parameters, it i$ important to collect data prior to any air sparging activity to ensure that
initial conditions are understood. In particular, those parameters include DO, CO; and
VOC concentrations in groundwater, and soil gas data on VOC, O,, CO, and baseline
pressure transducer data recorded with a data-logger.

Since an SVE system is to be used in conjunction with the air sparging system, the SVE

system will be operated for a period of time prior to air sparging startup primarily to
ensure that the SVE system is operating properly to capture the initial mass loading
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anticipated when air sparging is conducted. During this period, SVE off-gas monitoring
will be performed for the contaminants of interest in order to establish mass loading from
volatilization from the vadose zone compared to volatilization from groundwater. The
SVE gystem, prior to initiating air sparging, shall be operated until the off-gas
concentrations have stabilized to the extent that changes in off-gas concentrations due to
air sparging operation can be easily determined. Off-gas concentrations will be monitored
using a PID at each extraction well.

4.2  Air Injection Flowrate and Injection Pressure

Prior to pilot test activities, it is important to evaluate the expected operating pressure for
the air sparging system, This is important both for the selection of the correct air injection
system and for the prevention of pneumatic fracturing of the aquifer.

The operating pressure for an air sparging system is determined from the depth of the air
sparging well below the water table and the permeability of the aquifer. The minimum
injection pressure necessary to induce flow (Pmiy [psig]) is given by:

Prin (psig )= 043 Hy, + Ppacking “+ Ptormation (1

The pressure at which fracturing of the aquifer can occur is given by:

Pactore (psig ) =0.73 D 2

Where Hj, = depth below the water table to the top of the injection well screened section
(e.g., the hydrostatic head in ft); Ppacking and Pgommaiion = air entry pressures for the well
annulus packing material and the formation (in psig); and D = depth below ground
surface to the top of the air injection well screened interval (in ft).

For typical air sparging wells and applications, Ppacking ad Piormaion ate small compared to
the contribution from the hydrostatic head. Air entry pressures are generally <0.2 psig
for sands, <0.4 psig for silts, but may be >1.5 psig in some clayey settings (Leeson et al,
2002). At start-up, it is not unusual for users to exceed Py by as much as 5 to 10 psig to
initiate flow quickly. The injection pressure then generally declines to about Py as
steady flow conditions are approached. Pressures in excess of Pracure can cause fracturing
of the formation; however, as the pressure drops off rapidly away from an injection point,
the extent of fracturing in most cases is expected to be limited to the area immediately
surrounding the well.

To establish the maximum pressure to operate the air sparging system to avoid fracturing

of the aquifer, the US Army Corps of Engineers (USACOE, 1997) recommends that a
40% safety factor be used. Therefore;
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Prax = 0.6 Praciure (PSig ) 3)

This pilot test will be operating at two locations within the former Angeles Chemical site.
As discussed in Section 6.0, the first pilot test location is called Area A and is near MW-
9 (Figure 6-1). Here the depth to groundwater is ~33.5 feet bgs and the top of the
injection well screened section well be ~45 feet bgs (i.e., near the base of the shallow
groundwater). Using the formulas provided above, this yields a nominal air sparging
pressure range of 4.9 psig to 14.7 psig. The second location is near MW-11 and is called
Area B (Figure 6-1). Here the depth to groundwater is ~32.7 feet, the top of the injection
well screened section will be near the base of the aquifer at ~39 feet bgs. For this area,
this yields an effective air sparging pressure range of 2.2 psig to 14.8 psi.

As part of the initial shakedown of the air sparging system, the air injection system will
be tested. During this process, both the air flowrate and the injection pressure will be
measured to ensure that neither Ppin 107 Pray are violated at the required air flowrate.

For this pilot test, an oil-less compressor will be used because it eliminates uncertainties
relating to air flowrate and potential overheating.

The flow rate to the air sparging wells is controlled through a “vent valve” in the
injection air line, This valve will be fully open to begin the test and then will be slowly
closed while monitoring the increase in pressure and flowrate up to the desired flowrate.
During this process, care will be taken not to exceed the upper pressure limit for the
system (as determined by the calculations described above).

It is desirable to begin the test with an air injection flowrate of 15 ft*/min. The air
injection pressure at the on-set of flow will be recorded, as well as pressures every 5 to 10
minutes until the pressure and flow stabilize.

43 Groundwater Pressure Measurements During Air Sparging
Startup and Shutdown

Once the flow and pressure conditions for sparging have been established, groundwater
pressures during air sparging startup and shutdown can be determined. The primary
objective of this test is to assess the time required for airflow distribution to come to
steady state. As discussed by Johnson et al. (2001), pressure measurcments provide an
easy and sensitive means of assessing if AS air is stratigraphically trapped below the
water table, The pressure measurements can also provide a measure of site permeability,
based on the magnitude of the response. In general terms, during air sparging startup
groundwater pressures will increase because air is being pushed into the formation faster
than the water can move away from the air sparging well. Typically, as long as the
volume of air below the water table is increasing, the groundwater pressure will remain
above pre-air sparging levels.
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As a result, the time required for groundwater pressure to return to pre-air sparging
values is a good measure of the time required for the macro-scale air distribution to come
to steady state. For media which are relatively homogeneous with respect to air flow
(e.g., uniform sands), the time required for air sparging pressures to retum to pre-air
sparging values will generaily be measured in tens of minutes to a few hours. If the site is
stratified with lower-permeability layers, then the groundwater pressure may remain
elevated for tens of hours to days.

The magnitude of the groundwater pressure response can be from millimeters to a few
meters of water. In general, if the injection rate is on the order of 20 f*/min and the
response is on the order of tens of centimeters and responses of a meter or more may
oceur in finer-grained media or in media where the air is stratigraphically confined
(Leeson et al. 2002)

Generally, at sites where groundwater pressures remain elevated by more than a few tens
of centimeters for more than 8 hours, it can be assumed that the air distribution is
controlled to a high degree by the structure of the aquifer, and it will be important to
determine if the air is being delivered to the treatment zone in an effective manner.

In this pilot test, groundwater pressure will be recorded using downhole pressure
transducers and data loggers. The monitoring wells will be 2-inch piezometers as
described in Section 6.2 and spaced as shown in Figure 5-1.

4.4 Helium Distribution and Recovery Test

Helium can be used in two primary ways as a tracer for air sparging systems ( Johnson et
al., 2001; Leeson et al, 2002). The first is to assess the effectiveness with which the SVE
system is capturing the air sparging air. The second method is to identify the locations at
which air sparging air moves from the groundwater zone to the unsaturated zone.
Described in Appendix C are the methods for assessing recovery of air sparging air by
an SVE system and for evaluating air sparging air distribution at the water table. One of
the strengths of the tracer test is that it can be easily repeated, usually with delays of only
a few hours or so between them. This allows the effects of process changes (e.g.,
distribution of air flow from various wells) to be quickly assessed.

Helium is the most common tracer gas used, since it is relatively inexpensive, readily
available, and snalytical instrumentation is available for field use. Typical field
instrumentation is a Marks Product helium detector. The detector can detect helium
concentrations from 0.1% to 100%. It is factory calibrated, so it cannot be calibrated in
the field, but checks will be made with helium standards to verify the instrument is
operating properly. Vapor samples will be collected in Tedlar™ bags or canisters. The
helium detector is then attached directly to the sample container for measurement,

The procedures for conducting the helivm tracer gas study are provided in Appendix C.
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4.5 SVE Off Gas Sampling

SVE off gas samples will be collected at the sample port located on the exhaust stack of
the secondary carbon vessel. A Tedlar™ bag will be attached to the sample port and
allowed to fill with off gas. Once the Tedlar™ bag has filled with off gas the Tedlar™
bag will be disconnected from the sample port. The Tedlar™ bag will then be placed in a
cooler for safe keeping prior to analysis.

4.6 Dissolved Oxygen Monitoring

Dissolved oxygen data has the potential to identify the zone where oxygen is being
delivered by the air sparging system. If the baseline measurements shows low dissolved
oxygen concentrations (e.g., less than 2 mg/L), it may be possible to identify areas where
air sparging has resulted in increases in DO. Given the historic DO concentrations
reported in quarterly groundwater monitoring reports, this is anticipated to be the case.

To determine the impacts of air sparging, DO will be measured in all groundwater
monitoring points immediately before and following the pilot test. Unfortunately, several
factors can complicate the interpretation of DO. First, at many sites where active
biodegradation is ongoing, there may be significant quantities of reduced species (e.g.,
Fe(++)) that act as rapid sinks for oxygen and that mask oxygen delivery to that region.
Second, microbial activity may be high, effectively consuming oxygen as fast as it is
delivered to the area. Finally, care must be taken to avoid artifacts caused by air entry
into monitoring wells and preferential aeration within the well, This is an important part
of the reason why short-screened monitoring wells in the treatment zone will be used for
the pilot test.

4.7 SF; Distribution Test

In this test, sulfur hexafluoride or SF; is used as an analog for oxygen to determine the
distribution of air in the groundwater zone (Leeson et al, 2002). SF¢ has a water
solubility that is similar to oxygen; however, 8F¢ has several advantages over oxygen and
as a result the test can be both more sensitive and more quantitative. These advantages
include:

1) It does not occur naturally, so background concentrations are essentially zero;

2) SFg can be detected at extremely low concentrations in water and air, thus it is a
much more sensitive tracer than oxygen; and

3) It is not biodegradable, so it acts as a conservative tracer to show where the air
was delivered.

LEU 002260




Greve Financial - Former Angeles Chemical AS Pilot Test Work Plan April 2006
Page 9

To conduct the test, SFs will be blended with the injection air stream at a known
concentration for a period of 12 to 24 hours. The objectives in injecting for a short,
known period are:

1) To provide an opportunity for SFs transfer from the air to the groundwater
without a significant amount of groundwater transport; and

2) To allow an estimate of the mass transfer coefficient at various locations to be
determined.

The details of these procedures are contained in Appendix D. In overview, at the end of
the 8F; injection period, groundwater samples are collected and analyzed for SFe. The
duration of SFs injection and the cumulative volume of groundwater sample will be
recorded. Based on the concentration of SFs in the injected air, and the Henry’s Law
constant for SFe, the percent saturation of SF¢ in the groundwater sample will be
determined. In general, those concentrations can be divided into three groups.

The first are values approaching saturation (e.g., >40% of theoretical solubility). These
generally indicate that the sample location lies within the “zone of aeration™ of the air
sparging system. The second group contains samples with low concentrations of SFg
(e.g., <10%) and indicate that an air channel may be in the vicinity of the sampling
location (e.g., it may be within the “zone of treatment”™), but the air saturation in the
aquifer at that point is probably low. The third group is composed of samples that have
no SF¢ present, These samples are presumed to lie outside both the aeration and treatment
ZONES.

In the context of site-specific air sparging program, to be sufficiently conservative, the
spacing of the air sparging wells may need to be based on the size of the zone of aeration.
Thus, for example, if high concentrations of SFs are observed at a distance of 15 ft, but
not at 20 ft, then a well spacing of up to 30 ft might be appropriate, but greater than that
may not be justified. '

4.8 Other Qualitative Observations
Often during pilot tests there are operational factors that are readily noticed and that are
important to the viability of air sparging. Therefore, any qualitative indicators of air

distribution, such as bubbling or gurgling noises in wells, water “fountaining”™ out of
monitoring points, etc. will be recorded.

5.0 PILOT TEST EQUIPMENT

The following equipment is needed to conduct the pilot test activities for each area to be
tested:
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a) 1 air injection well equipped with a well-head pressure gauge, flowmeter, and
valve;

b) 1 air injection compressor;

c) 6 Groundwater monitoring wells equipped with water-level pressure
transducers and data loggers;

d) 12 Groundwater and vadose zone multi-level monitoring points;

¢) Helium tracer gas feed and monitoring system;

f) SF, tracer gas feed and monitoring system;

g) 2 Vapor Extraction wells and

h) 1 SVE system.

The pilot test layout for test arcas A and B are shown in Figure 5-1. In designing the
monitoring layout, it has been recognized that air distributions often have unpredictable
preferred directions, and therefore a spatially distributed monitoring network is preferred
over installations having monitoring points emanating out from the injection well in a
line in one or two directions. Past investigators recommend the monitoring network
should extend out at least a distance equal to one-half to three-fourths of the well-spacing
distance contemplated in the conceptual design (Leeson et al, 2002). In the conceptual
design contained in the Draft RAW, AS well spacing of between 35 and 40 feet was used.
Therefore, in the proposed pilot test, the furthest well distance is 25 feet. A discussion
on each pilot test area is contained in Section 6.0. A discussion on the pilot test
equipment follows.

5.1 Injection Well

The air injection well will be similar to that envisioned for full-scale implementation. A
typical air injection well is a 1- to 4-inch-diameter vertical well having a 1- to 2 fi-long
screened interval. For this pilot test, a 2-inch-diameter well with a 2 foot long screened
interval will be used.

Free product floating on groundwater (LNAPL) has been found at the former Angeles
Chemical site and is currently being removed from the last known area at MW-19. The
concentrations of VOCs in the dissolved phase of groundwater are orders of magnitude
less than saturation levels, therefore, the presence of free phase DNAPLs along the
bottom of the shallow aquifer is not expected.

Injection wells can be installed using hollow-stem auger drilling or direct push
technology. Direct-push installed injection wells are considered to be superior for
preventing annular-space short-circuiting and will be used here. The injection well screen
will be connected to a riser with care taken to prevent air leakage at joints. The wellhead
will be completed with a tee, allowing air injection from the side and a threaded plug on
the top to allow ready access to the well for sampling or gauging. A check valve will be
necessary for pulsed injection to prevent backflow up the well following shutdown.
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For this site, air sparging injection wells will be installed inside a 2.25-inch OD drive rod
pushed to the required depths of 45.5- and 40-feet bgs (Areas A and B, respectively). An
off-the-shelf, pre-packaged (or “pre-packed”) well screen, with a 0.81- inch OD will be
threaded onto 1.0-inch Schedule 40 PVC pipe rising to the surface completion. The sand
pack around the pre-packed well screen will be 2/12 grade sand. Once the well screen
and riser has been assembled and lowered to depth, the drive rod will be retracted.
Additional 2/12-grade sand will be emplaced to fill in the annular space around the pre-
pack and to a point 3 feet above the well screen. A 2-foot-thick bentonite seal will be
emplaced above the sand pack. This seal will prevent grout, which fills up the remainder
of the annulus to the surface, from entering the well screen, The well will be sealed and
grouted according to EPA and ASTM D-5092 method requirements. Flush-mount,
traffic-rated well boxes will be used.

The primary considerations for injection well construction are the depth to the top of the
screened interval and the prevention of annular space short-circuiting. Practitioners have
installed a variety of screen lengths and depths to the top of the screen. Screen length
appears not to be a primary design consideration, as research indicates that air generally
escapes within a very short interval near the top of the screen. Screen type also does not
appear to be a significant design consideration, as pore size distribution in the formation
controls airflow. A 0.6 m (two foot) length of continuous wrap well screen is generally
considered to be acceptable (USACOE, 1997) and will be used here.

5.2 Air Injection Compressor

The air injection compressor will be a portable rotary screw compressor rated for 110 cfm
at 100 psi. The compressor is direct driven by a 59 HP diesel engine.

At the discharge of the portable compressor a 1" steel pipeline is provided for the purpose
of flow regulation and flow measurement. This pipeline will contain a tee that a 1 globe
valve will be put into and vented to atmosphere (allowing air to blow off to atmosphere).
This valve will provide a manual means for the operator to adjust the flow delivered to
the air sparging wells as discussed in Section 4.2. Downstream of this tee, provision in
the pipeline will be made to insert the probe of a flow measuring anemometer,

To protect the air injection compressor, incoming air will be filtered down to a particulate
size of 10 micron going into the compressor. The compressor is protected also from high
discharge temperature while the engine is protected against high coolant temperature and
low engine oil pressure. Backflow prevention (through compressor and system) is
provided by a discharge check valve.

The engineering drawings of the compressor and the SVE system to be used are shown in
Figures 5-2 through 5-8.
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5.3 Groundwater Monitoring Wells

The piezometers and groundwater sampling points will be screened only within the target
treatment zone. The monitoring networks will be installed with direct-push methods.
Small diameter (Y- to 3/8-inch) discrete (6- to 20-inch length) direct push implants will
be used for the groundwater and vadose zone monitoring points.

5.4 Groundwater and Vadose Zone Monitoring Points

There are few available guidelines regarding the location of monitoring probes associated
with a given injection well. However, injection well spacings ranging from 3.7 to 15 m
(12 to 50 ft) have been reported in the literature (Wisconsin DNR 1993), Therefore given
a potential ZOI of 1.8 to 7.6 m (6 to 25 ft), monitoring probes should be located at
distances less than 1.8 to 7.6 m in order to provide useful design data. Positioning
monitoring points in various directions and at various distances from IAS points, as well
as at various depths of interest will enhance the data quality obtainable from the pilot test.
Past investigators have recommended that, as a minimum, there should be at least three
monitoring points in the saturated zone, spaced from 1.5 m from the injection well, out to
a distance equal to two times the depth of the sparge point screen below the water table
(USACOE, 1997).

For this pilot test, the location and spacing for the monitoring points are shown in Figure
5-1. As shown, the monitoring point radiate from the air sparge well at distances of 1.5
m, 3 m, 4.5 m, and 7.5 m. This type of design has been successfully used by past
investigators (Leeson, et al, 2002; Cristin et al, 2001)

5.5 Soil Vapor Extraction System

The Soil Vapor Extraction (SVE) System will be rated for 250 cfm at a maximum
vacuum level of 8” Hg. A rotary positive vacuum pump driven by a 10 hp electric motor
will provide the airflow and vacuum required.

At the inlet to the SVE system flow from the wells will be regulated with a manual
dilution air valve which is located downstream of the inlet connection to the wells. The
manual valve is a 2” gate valve and an air filter is provided on the valve inlet, Upstream
of the dilution air valve is provision in the inlet piping for collecting flow rate
measurements, air samples and vacuum measurements.

The vacuum pump will be protected from particulates and water by a multi-stage
filtration system. The first stage of this filtration system is a gas liquid separator (GLS)
responsible for removing any large water mass or slug entrained in the inlet air stream.
The second stage is the demister section which is designed to remove water droplets from
the air stream down to 10 micron. The GLS also provides 20 gallons of liquid storage for
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any liquid removed from the air stream, The final filtration stage is a media filter
designed to remove any particulate down to 10 micron. The vacuum pump is fitted with
a discharge silencer that will reduce noise levels to a maximum of 90 dBA at three feet.

Liquid from the GLS is removed from the separator by an electric motor driven water
pump. The pump is controlled either in the “HAND" mode by the operator or in the
“AUTO” mode by level switches mounted within the separator.

The discharge of the blower is destined for volatile organic compound clean-up by
carbon adsorption. However due to the heat of compression, by the vacuum pump, the
discharge air stream from the vacuum pump will first be cooled for effective use of the
activated carbon.

The discharge air stream 1s cooled with the use of an air-to-air heat exchanger. An
electric motor driven fan pulls ambient air over the heat exchanger tube and fin core
having a capability of cooling to within ten degrees of ambient temperature, A variable
frequency drive provides power and speed control for the fan motor and along with a
temperature control loop will provide temperature set-point control. Targeted
temperature set-point exiting the heat exchanger is 100 Deg F.

Two one thousand pound vapor phase carbon vessels shall be arranged in series for VOC
removal from the air stream. Sampling ports will be provided on the inlet and outlet of
each carbon vessel. Temperature and Pressure instrumentation will be provided on the
inlet of the primary carbon vessel. ‘

The engineering drawings of the compressor and the SVE system to be used are shown in
Figures 5-2 through 5-8.

6.0 PILOT TEST AREAS “A” AND “B”

Because of known lithology changes across the site, two locations have been chosen to
conduet the pilot tests. The two areas are show in Figure 6-1. The first test area (Area
A) will be located near MW-9 in the northeastern corner of the facility. This area has
been chosen because is represents a portion of the site where the shallow aquifer lies
within a trough (Shaw, 2004). The rise along the sides of the trough may have an impact
on the ZOI. By placing a test area in this location, we hope to be able to assess such an
impact and account for it in the placement of air sparging wells for the full-scale
remediation program. An additional reason for selection of this area is the thickness of
the aquifer is near its maximum at this location.

The second test area (Area B) is located near MW-11 along the central western side of

the facility. This area represents those portions of the site which are not located within or
along the troughs which are characteristic of unit-D. As noted in the Shaw (2004) report,
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the shallow groundwater is affiliated with unit-D. Another reason for selection of this
area is that the thickness of the aquifer is near its minimum at this location.

The location of the various wells and monitoring points within each test area is shown in
Figure 5-1, The well location configuration that will be used at the former Angeles
Chemical site is based on the configuration that has been successfully used at various
other sites and was initially created by Johnson, Hinchee, Leeson and others during a
Navy pilot test program located in Port Hueneme, California (Leeson et al, 2002). The
well location configuration recognizes that subsurface air distributions are often
unpredictable in their preferred directions. A straight line of monitoring wells could miss
the air-impacted zone entirely. Therefore, a three dimensional monitoring pattern is
preferred.

The sparge well will be installed in the center of the test area. The design and operations
have been discussed in Section 5.0.

Twelve multi-level sampling points wiil be used to collect groundwater and soil vapor
samples and will consist of a bundle of 0.32-cm inner diameter (ID) (1/8-inch) color-
coded, stainless steel sampling lines inside of a 2-inch PVC riser, Three tubes will
terminate near the bottom, mid-point and top of the aquifer, respectively, Within the
vadose zone, the terminus of the tubes will be spaced every five feet, starting just above
the capillary fringe. Groundwater or air samples will be collected through the steel tubes,
which will be “PVC-~welded” to the 100-mesh stainless steel screen. Figure 6-2 shows a
construction diagram of the multi-level sampling device. The multi-level monitoring
points will be installed via direct push methods. Soil vapor extraction wells will be 2-
inch-diameter PVC (5-ft casing, 5-ft screened interval) installed to a depth of 30 fi bgs,
packed with sand, a hydrated bentonite seal, and bentonite slurry to the surface.

Within each test area five piezometers and one exXisting groundwater monitoring well will
be equipped with pressure transducers and data-loggers to log changes in groundwater
elevations. A construction diagram of the piezometers is provided in Figure 6-3.

Two vapor extraction wells well be used to collect, measure and treat gases collected
during the pilot test. A construction diagram of the vapor extraction well is provided in
Figure 6-4.

7.0 PILOT TEST REPORT

Once the fieldwork for the pilot test is completed, the laboratory reports received, and the
data analyzed and interpreted, a pilot test report will be written and submitted to DTSC.
The pilot test report will consist of text, figures and tables. Specifically, the report will
include:
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~— % General discussion describing the test and a discussion of the
hydrogeological conditions at the site.

% Discussions on the design of the sparging wells include the screen length
and diameter, slot size, depths and specification of the filter pack and
seals, bore hole diameter, and the drilling method.

% A discussion of the airflow rates that were injected and extracted during
the test and how the contaminant concentrations in the soil venting system
changed with differing air injection rates. The ratio of extracted to injected
airflow rates will also be include.

% The zone of influence will be estimated, including a discussion how the
estimate was determined and what field data was used to make the
estimate.

¥ Conclusions will be provided regarding the efficacy of air sparging at the
former Angeles Chemical site, including the design, well placement and
spacing, number of wells, pressure and air flow requirements for the air
compressor, and any other pertinent details.

% Any other observations.

Figures will include:
> A graph indicating the pressure and air flow characteristics of the air
sparging wells that were tested.
»  Geologic cross section(s).
% A map of the site drawn to scale, including:
~ Locations of the sparging wells,
— Locations of the air extraction wells,
— Paved areas, buildings, and structures that may act as a
- Surface seal or an infiltration batrier;
~ Buried utility trenches that may act as zones of higher
permeability;
_  Identification the contaminant types at each test location),
—  Zone of soil contamination,
- Zone of groundwater contamination,
—  Scale, north arrow, title block, site name, and key or legend,
— Any other pertinent site information.
A water table map prior to, during and shortly after of the pilot test.
An iso-concentration map with groundwater dissolved oxygen levels
before and after the pilot test;
» A map showing the conceptual layout of a full scale AS/SVE system,
assuming that the pilot test documents the efficacy of such a system.

YW

Tables will include:

% Water levels/elevations and dates of measurements in monitoring wells.

% Field data, including times of readings, airflow rates, injected air
temperature, and injected air pressure.
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8.0

Appendices will include:

% Complete discussion of field procedures for the test.

% Boring log and construction diagram for sparging well(s) and extraction
well(s).

% Calculations determining the hydraulic conductivity and natural
groundwater migration rate.

» Laboratory reports.

RELIANCE

This report was prepared by The Leu Group solely for the use and benefit of Greve
Financial, Inc.  Greve Financial, Inc. may release this information to third parties, who
may use and rely upon this information at their discretion. However, any use of or
reliance upon this information by a party other than Greve Financial, Inc. shall be solely
at the risk of such third party and without legal recourse against members of The Leu
Group Team; its subsidiaries and affiliates; or their respective employees, officers, or
directors; regardless of whether the action in which recovery of damages is sought is
based upon contract, statute, or otherwise. This information shall not be used or relied
upon by a party which does not agree to be bound by the above statement.

This report has been prepared in accordance with generally accepted practices using

standards of care and diligence normally practiced by recognized consulting firms

performing services of a similar nature. The members of The Leu Group are not
responsible for the accuracy of information

9.0
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MOHARGH BEADCH, Ch 12528 B2 SORENSEN AVENUE
ngfﬁ}iim“ SANTA FE SPRINGS, CA
i DATE HALE e AR SPARGING ECAIPMENT
& DHNZ06 RHG
FIGURE NO. SHEETNO. |“hee"
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AIR SPARGING PILOT TEST | FoU"®
LOCATIONS 6-1
FORMER AMGELES CHEMICAL SITE Project: Greve AS
8620 Sorensen Avenus, Pilet Test
Santa Fa Spring CA
THE LEU GROUP 33725 MELLM ISLE
Proiecting Your MOMARCH BEACH, CA 92629
Quality O List PHONE: (94%) 243-5873

Fax: (949) Z4E-B7BS




FIGURE 6-2

MULTI-LEVEL SAMPLING DEVICE
CONSTRUCTION DIAGRAM

Humber:

Client: Greve Financial Services

Shect:

Date Started: Daic Finishcd:

Location:
8915 Sorensen Santa Fe Springs, CA

David J. Leu, Ph. D.

Dril} Rig/Sumpling Method: Borchole Dia.: |Casing Dia.: | Casing Elevation

(AMSL):

2 inch Sch. 80
PVC

1/8inch O. D.
Stainless Steel

1/8 inch Swagelock by
1/8 inch Male NPT
Connector

15

3/8 inch NPT Plug

PVC Pi
(PVC Flush Mount) pe

100-Mesh SS Screen
“PVC Welded” to the

LEU 002284



PIEZOMETER CONSTRUCTION
DIAGRAM

Hient: Sheet:
¢ Grove Financlsl Services

FIGURE 6-3

8915 Sorensen Santa Fe Springs, CA

TLGRep: Drrill Rig/Samplmg Mathod: Borehole Dig.: | Casing Dia.: { Casingz Elevation
Mark Slatten, RG/CEG Geoprobe 6600 3.25" 1.50" |(AMSLy

o orgee

Traffic-rated well cover, flush-mounted

Blank 1.5" casing 1-28 fast BGS

Monitermey 2/12 washed sand pack 25-
43 feet BGS T +

About 5 foat abova
*. groundwatel

Groundwater curently at - - - —
about 33 BGS

0.020-inch wide slotbed 1.5°
casing 26-43 fagt BGS

Expactad driling dapih abouwt 43 feet
BGS

43

Haorizontal scale exapgenaiad
BGS = balew ground suriace

-a— 3.25 (OD) —fae-
digmedar annulus

LEU 002285



SVE WELL CONSTRUCTION

FIGURE 6-4 DIAGRAM

Greve Financial Services

Date Started: 8915 Sorensen Sanda Fa Springs, CA

TLGRep: Dyil) Rig/Samplitg Mathod; Borthole Dia,; | Casing Dis.; | Casing Elevation
Mark Slatten, RG/CEG Geoprobe 6600 325 1,75 |(AMSL)

Notes Notes

|- Traffcrated well covar, flush-mounted

Porfiand/bentonite cament shumy

Blank 1.5 casing 1-10 fest BGS

| Moniermey 2/12 washed sand pack 7-30
foot BGS

0,020-inch wide slotled 1.5
cazing 10-30 fant BGS

Expected drifing dapth 30 feet BGS
Hovizontal scale exaggemied
BGS = balow ground surface

i 3,257 (O0) —p~ About 3 feet
diameter arnulus above
* groundwatar

LEU 002286



TABLES

LEU 002287



TABLE 4.1

DEPTH TO GROUNDWATER
AND
THICKNESS OF GROUNDWATER
Depth To Thickness
Well # Water | Bottom | of Water
-6 299 30.24 0.34
8 33.26 40.69 7.43
9 33.56 45.99 12.43
10 33.00 40.59 7.59
11 32.71 39.81 7.1
12 33.28 43.968 10.68
16 32.23 45,22 12.99
18 34.85 45.84 10.99
19 33.71 45.00 11.28
22 39.88 40.1 0.22
26 38.98 36.65 0.67
Based on December 2005 data.

Values in feet below ground surface.
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APPENDIX A

FIGURES AND INFORMATION TAKEN FROM
SHAW (2004) And BEN (2002)
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062700 191

Darniel B, Stephens & Associates, Inc.

Atterbergs were nat necessary for engineering classification

& = Initial moisture content, p, = Dry bulk density, ¢ = Calculated porosiy
' ¢ = Constant head, FH = falling head
* MG = Hanging column, PP = Pressure plate, TH = Thermosouple psychrometer, WP = Yvater activity meter, RH = Relative humnidity bex
" DS = Dirysieve, WS = Wet sieve, H = Hydrometer

Summary of Tests Performed
ﬁﬁgﬁm
Saturatad 113, 15 Bar
fnitial Soil Hydraulis Moistura Unsaturated | Particle Pgints and Attert Limits or
Laboratory Properties' } Conduciviy?|  Characteristics® | Hydrauic | Size’ | Effective | Particle vater Holding] vigual calssification of
Sample Number ®.ps$) [ CH | FH HC’PPITH WP| RH| Conductivity [ DS|WS| H | Porosity | Density TOC Capacity
MW-12 {13.5-14.5) X X XX X X
MVW-12 (21-22) X X XX X X -
MW-12 (31-32) X X x| X X X -
M- 12 (46-47) X % x| x X X X il]
MW-15 (13.5-14.5) X X XX X X X
MW-15 (23.5-24.5) X X x| x X X .-
MW-15 (28.5-28.5) € X X X1 x X X X J|
MW-15 (38.5-30.5) © X X X | x X X X
MW-16 {13.5-14.5) X X XX X X X
MAW-16 (23.5-24.6) X X x| X X X X
MW-16 (28.5-28.5) X X x| x X X X
MWY-16 {38.5-39.5) X X X§X X X X I
Mmﬁﬁa —— &




Daniel B. Stephens & Associates, Inc.

Surmmary of initial Moisture Content, Dry Bulk Density
Woet Bulk Density and Calculated Porosity

Initial Moisture Content Dry Bulk ~ Wet Bulk Calculated
Gravimetric Volumetnc Density Density  Porosity

___ Sample Number (%, 9/g) (%, emlem®) ___(g/em’) (gl/em®) (%)
MW-12 (13.5-14.5) 16.3 28.5 1.74 2.03 371
MW-12 (21-22) 26 4.3 1.66 1.70 37.6
MW-12 (31-32) 35 48 1.35 1.40 49.3
MW-12 (46-47) 36.3 49.8 1.37 1.87 498
MW-15 (13.5-14.5) 14.4 246 1.71 1.96 38.2
MW-15 (23.5-24.5) 4.6 7.7 1.66 1.74 37.5
MW-15 (28.5-29.5) 26.4 40.9 1.55 1.96 44.2
\‘HI MW-15 (38.5-32.5) 27.3 41.0 1.50 1.91 45.4
MW-16 (13.5-14.5) 14.6 25.0 1.71 1.96 37.8
MW-16 (23.5-24.5) 32 4.7 1.47 1.51 44.5
MW-16 (28.5-29.5) 20.8 A1 1.49 1.81 45.4
MW-16 (38.5-39.5) 28.5 42.8 1.50 1.93 45.1

LEU 002291



Daniel B. Stephens & Associates, Inc,

Summary of Saturated Hydraulic Conductivity Tests

Keat Method of Analysis
Sample Number (cmisec) Constant Head Falling Head
MW-12 (13.5-14.5) 1.5E-06 X
MW-12 (21-22) 1.4E-01 X
MW-12 (31-32) 5.38-02 X
MW-12 (46-47) 2.8E-06 X
MW-15 (13.5-14.5) 3.8E-07. X
MW-15 (23.5-24.5) 1.5E-02 X
MW-15 (28.5-29.5) 6.0E-07- X
N MW-15 (38.5-39.5) 4.8E-06- X
MW-186 (13.5-14.5) 4.1E-05 X
MW-16 (23.5-24.5) 2.4E-02 X
MW-16 (28.5-29.5) 1.4E-04 X
MW-16 (38.5-39.5) 3.2E-05 X

LEU 002292



Daniel B. Stephens & Associates, Inc.

Summary of Particle Size Characteristics

dm dsg dsg : . ASTM USDA
Sample Number fmm) {mm) {mm) C, C. Methaod Ciassification Classification
MW-12 (13.5-14.5) §.5E-05 0.046 0.057 00 35 WS/H Silt with sand Loamn {Est)
MW-12 {21-22) 0.55 3z 45 8z 1.0 WSH  Well-graded sand with gravel NA,
MW-12 {31-32) 0.26 0.56 0.54 2.5 1.1 WSH Poorly-graded sand Sand
MW¥-12 (46-47} 0.0014 0.025 0.041 29 1.7 WS/H Silt with sand Sitt Loam
MW-15 (13.5-14.5}) 0.00019 0.084 0.087 511 29 WSH Sandy silt Sandy Loam {Est)
MW-15 (23.5-24.5) 0.18 1.1 2.4 13 0.48 WS/H Pooriy-graded sand with NA
gravel
MW-15 (28.5-28.5) 0.0014 0.019 0.025 i8 21 WS/H Siit with sand Siit Loam
MW-15 (38.5-39.5) 0.0010 g.014 0.020 20 2.5 WS/H Silt St Loam  (Est)
rﬁ .
g MW-16 {13.5-14.5) 3.3E-05 0.049 0.068 2061 114 WS/H Sandy lean clay Loam {Est)
=
=
03 MW-16 (23.5-24.5) 0.079 0.57 073 82 1.7 WS/H Well-graded sand with silt Loamy Sandg
¥
Ll
MW-16 (28.5-29.5) 0.00033 0015 0.027 82 21 WS/H Lean clay with sand SitLoam  (Est}
dsp = Median pasticle diametar g, = E B8 = Dry sieve
Est = Reporled values for dug, Co, C,. and soil e H = Hydrometer
dassification are estimates, since extrapolalion 2 .
was required to obtain the d,o diameler g, = {dsaf WS = Wel sieve

{drodidac)



Daniel B, Stephens & Associates, Inc.

Summary of Particle Size Characteristics (Continued)

dyo dso den ASTM USDA
Sample Number {mm} {mm) fmm) C, C. Method Classification Classification
MW-16 {38.5-30.5) 0.0040 0027 0.033 B.3 1.9 WS/H Siit Sili Loam
-
vy
_
=
2
%1
=S
.
dse = Meadian particke dizmeber 6, = tsa . DS = Dry sieve
= g
Esl = Reported values for dy, C,, G, and sol * H = Hydometsr
cragsification are estimates, since extrapolation 2 .
was requited to obtain tha o, diamster c, = {dso} WS = Welsieve

(dyo}{das)



Daniel B. Stephens & Associates, Ine.

Summary of Particle Density Tests

Particle Density

Sample Number {g/cm?)
MW-12 (13.5-14.5} 277
MW-12 (21-22) 2.65
MW-12 (31-32) 2.66
MW-12 (46-47) 2.74
MW-15 (13.5-14.5) 2.77
MW-15 (23.5-24.5) 2.66
| MW-15 (28.5-29,5) 2.78
~—
MW-15 (38.5-39.5) 2.7T5
MW-1€ (13.5-14.5) 2.75
MW-1& (23.5-24.5) | 2.64
MW-16 (28.5-29.5) 2.74
MW-16 (38,5-39.5) 2.74
e
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Daniel B. Stephens & Assoclartes, Inc.

Summary of Atterberg Tests
Sample Number Liquid Limii Fiastic Limit Plasticity index Classification
MW-12 (13.5-14.5) 27.4 23.2 42 ML
MW-12 (46-47) 324 26.7 57 ML
MW-15 (13.5-14.5) 21.4 19.2 2.2 ML
MW-15 (28.5-29.5) — — — Mi.
MW-15 (38.5-39.5) 35.9 - —_ ML
MW-16 (13.5-14.5) 29.5 21.6 7.9 CL
MW-16 (23.5-24.5) —_ -— — ML
MW-16 (28.5-29.5} 37.5 238 13.6 CL
MW-16 (38.5-39.5) — -— — ML
~—
--- = Soil requires visual-rmanual classification due to non-plasticity
S
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Daniel B. Stephens & Assoclates, Inc.

Summary of Fraction Organic Carbon Teasts

Fraction Organic

Sample Number Carbon (%)
MW-12 (13.5-14.5) ND
MW-12 (21-22) ND
Mw-12(31-32) 0.14
MW-12 (46-47) 0.13
MW-15 (13.5-14.5) 012
MW-15 (23.5-24.5) 0.14
MW-15 {28.5-29.5) 0.13
MW-15 (38,5-39.5) 0.12
~ MW-16 (13.5-14.5) 019
MW-16 (23.5-24.5) 012
MW-16 (28.5-29.5) 0.18
MW-16 (38.5-38.5) 0.14
ND-Not detected at the reporting fimit
— Analysis provided by Hall Environmaental, Albuguerque, NM,

LEU 002297



Laboratory Tests
and Methods
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Dry Buik Danzity:
Moisture Content:
Calcuiated Porosity
Ksat:

Constant Haad:
Falling Head:

Particle Size Analysis
Particle Dansity
Atterberg Limits

Visual-Manual Estirnation
of Fines

O

Daniel B Siephent & Associates, Inc.

Tests and Methods

ASTM D 4531-91

ASTM D 2218-92

Klute, A. 1986. Porosty. Chp.18-2.1, pp. 444-445, in A. Kiute (ed.), Methods of Soll Analysis,
Ametican Society of Agronomy, Madison, W1

ASTM D 24234-68 (93)

Klute, A, and C. Dirkaon. 1986, Hydraulic Conductivity and Diffusivity: Laboratory Methads,
Chp, 28, pp. 200-202, in A. Khula (sd,), Methods of Soil Analysis, Arnetican Society

of Agronomy, Madison, Wi

ASTM D 42263 (90)

ASTM D 854.92

ASTM D 4318-93

ASTM D 2488-03

Fage, A L. 1982 Chp, 19-3, pp. 570-571, in A. L. Page (ad), Methods of Soil Analysis
American Society of Agronomy, Madison, Wi
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Raw Laboratory Data
and Graphical Plots
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Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity

Daniel B. Stephens & Associares, Inc.

Initial Moisture Content

Dry Bulk Wet Bulk Calcutated

Gravimetric Volumetric Density Density  Porosity
Sample Number (%, g/g) (%, em*fem®) (glem®)  (g/lem™) (%)
MW-12 (13.5-14.5) 16.3 28.5 1.74 2.03 371
MW-12 (21-22) 2.6 4.3 1.68 1.70 37.6
MW-12 (31-32) 35 4.8 1.35 1.40 49,3
MW-12 (46-47) 36.3 49.8 1.37 1.87 498
MW-1§ (13.5-14.5) 14.4 24.6 1.71 1.96 38.2
MW-15 (23.5-24.5) 4.6 7.7 1.66 1.74 375
MW-15 (28.5-29.5) 26.4 409 1.55 1.96 442
MW-15 (38.5-38.5) 27.3 41.0 1.50 1.91 45.4
MW-16 (13.5-14.5) 14.6 25.0 1.71 1.96 37.8
MW-16 (23.5-24.5) 32 47 1.47 1.51 44.5
MW-16 (28.5-29.5) 20.8 311 1.49 1.81 454
MW-16 (38.5-39.5) 28.5 42.8 1.50 1.93 45.1
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Daniel B. Stephens & Associares, Inc.

Data for Initial Moisture Content,
Bulk Dansity, Porosity, and Percent Saturation

Job Name: Shaw Environmental
Job Number: WR03.0011.00
Sample Number: MW-12 (13.5-14.5}
Ring Number. NA
Depth: NA

Test Date: 28-Jan-03

Fiald weight* of sample (g): 88.30
Tare weighf, ring (9); 22.59
Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g): 56.14
Sampie volume (cm®): 32.23
Measured particle density: 2.77

Initial Volumetric Moisture Confent (% vol): 28.5

S Initial Gravimetric Moisture Content (% g/g): 16.3
Dry bulk density (g/om™): 1.74

Wt bulk density {g/cm®): 2.03

Calculated Porosity (% vol): 37.1

-Perpent Saturafion: 76.8

Commaents:

* Waight including tares

Lahoratory analysis by: D. O'Dowd
Data enfered by: D. O'Dowd
Checked by: D. O'Dowd

LEU 002302



Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: Shaw Environmental
Job Number: WR(03.0011.00
Sample Number: MW-12 (21-22)
Ring Numbar: NA '
Depth: NA

Test Date: 28-Jan-03

Field weight* of sample (@) 517.76
Tare weight, ring (g): 139.14
Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g): 369.03

Sample volume (cm?): 22286
Measured particle density: 2.65

Initial Volumetric Moisture Content (% vol): 4.3
Initial Gravimefric Moisture Content (% g/g). 2.6
Dry bulk density (g/cm®): 1.86
Wet bulk density (g/cm®): 1.70
Calculated Porosity (% vol), 37.6
Percent Saturation: 11.5

Comments:

* Weight including tares

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Chacked by: D, O'Dowd
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Daniel B. Stepheny & Assoclates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: Shaw Environmental
Job Number; WR03.0011.00
Sample Number: MW-12 (31-32)
Ring Number: NA '
Depth; NA

Test Date: 28-Jan-03

Field waight* of sampla (g). 286.02
Tare weight, ring {(g). 87.14
Tare weight, cap/platefepoxy (g): 0.00

Dry weight of sample {g): 192.08

. Sample volume (cm”): 142.20
Measured particle density: 2.66

initial Volumetric Moisture Content (% vaol): 4.8

e Initial Gravimetric Moisture Comtent (% g/g): 3.5
Dry bulk density (glem®); 1.35
Wet bulk density {g/lem®: 1.40
Calculated Porosity (% vol). 49.3

Parcent Saturation: 9.7

Comments;
* Weight including tares

Laboratory analysis by: D. O'Dowd
Data enfored by: D. O'Dowd
Checked by: D. O'Dowd

LEU 002304



Daniel B, Stephens & Associates, Ime.

Data for Initial Moisture Content,
' Bulk Density, Porosity, and Percent Saturation

Job Name: Shaw Envirgnmantal
Job Number: WR03.0011.00
Sample Number: MW-12 (46-47)
Ring Number. NA
Depth: NA

Test Date: 28-Jan-03

Field weight* of sample (g): 156.73
Tare weight, ring {4): 41.37
Tare waight, cap/plate/epoxy {g): 0.00

Dry waight of sample (g); 83.93
Sample volume (cm®): 61.10
Measured particls density: 2.74

S’ Initial Volumetric Moisture Content (% vol): 49.8
Initial Gravimetric Moisture Content (% g/g): 36.3
Dry bulk density (g/cm®): 1.37
Wet bulk densfty (giem®): 1.87
Calculated Porosily (% vol), 49.8
Percent Saturation: 100.0

Comments:

* Weight including tares

Laboratory analysis by: D. O'Dowd
Data entaered by: D. O'Bowd
Checked by: D. O'Dowd

LEU 002305



Daniel B. Stephens & Assoclates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: Shaw Environmentai
Job Number: WR03.0011.00
Sample Number: MW-15 (13.5-14.5)
Ring Number; NA
Depth; NA

Test Date: 28-Jan-03

Field weight™ of sample (g): 93.76
Tare weight, ring (g). 24.31
Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample {g). 60.73
Sample volume (cm®); 35.44
Measured particle density: 2,77

Initial Volurnetric Moisture Confent (% vol): 24.6

S Initial Gravirmnetric Moisture Content (% g/g). 14.4
Dry bulk density (glem®); 1.74

Wet bulk density (g/em’): 1,96

Calculated Paorosity (% vol): 38.2

Percent Saturation: 64.5

Comments:

* Weight inchuding tares

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,

Bulk Density, Porosity, and Percent Saturation

Job Namea: Shaw Environmental
Job Number: WR03.0011.00
Sample Number. MW-15 (23.5-24.5)

Ring Number: NA
Depth: NA

Test Date: 28-Jan-03

Field weight* of sample (g):
Tare waight, ring (g):
Tare waighl, cap/plate/epaxy (g):

Dry weight of sample (Q):

Sample volume (cm®):
Measured particle density:

33448
86.97
0.00

236.53

142.37
2.66

initial Volumetric Moisture Content (% vol):
initial Gravimelric Moisture Content (% g/g):
Dry butk density (gfcm®);

Wet bulk density (g/cm®):

Galculated Porosily (% vol):

Percent Saturation:

7.7
4.6
1.66
1.74
375
206

Cormments.

* Weight including tares

Laboratory analysis by: D. Q'Dowd
Data entered by: D. O'Dowd
Chacked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Namas: Shaw Environmental
Job Number: WR03.0011.00
Sample Number: MW-15 (28.5-28.5)
Ring Number: NA
Depth; NA

Test Date: 28-Jan-03

Fiald weight* of sample (g): 101.28
Tare woight, ring {g): 28,66
Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sampie (g). 59.05
Sample volume (cm’); 38.07
Measured particle denstty: 2.78

Initial Volumetric Moisture Content (% vol); 40.5

o Initial Gravimetric Moisture Content (% g/g). 26.4
‘ Dry bulk density (g/cm®); 1.55

Wet bulk density {(glem’): 1.96

Calculated Poresily (Y% vol): 44.2

Psrcent Saturation: 92.6

Comments:

* Weight including tares

Laboratory analysis by: D. O'Dowd
Data entered by. D. O'Dowd
Chacked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Data for Initiai Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: Shaw Environmental
Job Number: WR03.0011.00
Sarnple Number: MW-15 (38.5-39.5)
Ririgg Number: NA
Deapth: NA

Test Date: 28-Jan-03

Field weight* of sample (g): 132.10
Tare weight, ring (g): 35.21
Tare waight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g); 76.09
Sample volume (cm): 50.70
Measzured particle density: 2.75

Initial Volumetric Moisture Content (% vol): 41.0

L
Initial Gravimetric Moisture Content (% glg). 27.3
Dry buik density (glem®): 1.80
Waet bulk density (glcm®): 1.91
Calcuilated Porosity (% vol). 45.4
Percent Saturation: 90.4
Comments:
* Weight including tares
Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by; D. O'Dowd
S’
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Daniel B. Stephens & Assoclates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: Shaw Envirohmentaf
Job Number: WR03.0011.00 -
Sample Numbar; MW-16 (13.5-14.5)
Ring Number: NA
Dapth: NA

Tast Date; 28-Jan-03

Fieid waight* of sample (g): 268.91
Tare weight, ring (g): 61.54
Tare weight, cap/plate/epoxy (g). 0.00

Dry waight of sample (g): 180.88
Sample volume (cm®): 105.86
Measured particle densify: 2.75

Initial Volumetric Moisture Content (% vol), 25.0

S’ Initial Gravimetric Moisture Confent (% g/g). 14.6
Dry bulk density (glem®); 1.71

Wet bulk density (g/em®): 1.96

Calculated Porosity (% vol): 37.8

Percent Saturation: 66.1

Comrments:

* Weight inciuding tares

Laboratory analysis by: D, Q'Dowd
Data enterad by: D. O'Dowd
Checked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,

Bulk Density, Porosity, and Percent Saturation

Joh Nama: Shaw Environmental

Job Number: WR03.0011.00
Sample Number: MW-16 (23.5-24.5)

Ring Number: NA
Dapth: NA

Test Date: 28-Jan-03

Fiald weight* of sampla (g):
Tare weaight, ring (g):
Tare weight, cap/plate/epoxy (g):

Dry weight of sample {(g).
Sample volume (cm®):;
Measured particle density:

451.46
110.47
0.00

330.43
225.28
2.64

initial Volurmetric Moisture Content (% vol):
Initial Gravimetric Moisture Content (% g/g).
Dry bulk density (g/cm®):

Wat bulk density (glcm®):

Calculated Porosity (% vol):

Parcent Saturation:

4.7
3.2
1.47
1.51
44.5
10.5

Comments:

* Weight including tares

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checkad by: D. Q'Dowd
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Daniel B, Stephens & Assoclates, Inc.

Data for initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: Shaw Environmental
Job Number: WR03.0011.00
Sample Number: MW-18 (28.5-29.5)
Ring Number: NA
Dapth; NA

Test Date; 28-Jan-03

Field weight* of sample (g): 207.12
Tare weight, ring (g): 50.08
Tare weight, cap/plate/epoxy (g); 0.00

Dry weight of sample (g): 129.98
Sample volume (cm?). 86.99
Measured particle densify: 2.74

Initial Volumetric Moisture Content (% vol): 31.1

S Initial Gravimetric Moisture Content (% g/g): 20.8
Dry biilk density (gicm?): 1.49

Wet bulk density (glem’): 1.81

Calculated Porosily (% vol): 45.4

Percont Saturation: 68.5

Comments:

* Weight including tares

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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Danlel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,
Butk Density, Porosity, and Percent Saturation

Job Name: Shaw Environmental
Job Number, WR03.0011.00
Sample Number: MW-16 (38.5-39.5)
Ring Number: NA
Dapth: NA

Test Date: 28-Jan-03

Field weight* of sample (g): 221.87
Tare weight, ring (g): 49.69
Tare waight, cap/platefapoxy (g): 0.00

Dry welght of sample (g): 133.9%
Sample volume (cm®. 89.13
Moasured particle density; 2.74

Initial Volumetric Moisture Content (% vol); 42.8

o™
Initial Gravimetric Moisture Content (% g/g): 28.5
Dry bulk density (gfcra®): 1.50
Wet bulk density (g/cm®): 1.93
Calculated Porosity (% vol): 45.1
Percaent Saluration: 95.1
Camments:
* Walght including tares
Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Chacked by: D. O'Dowd
S
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Daniel B. Stephens & Associates, Inc.

Summary of Saturated Hydraulic Conductivity Tests

Kaat Method of Analysis
Sample Number (cm/sec) Constant Head Falling Head
MW-12 (13.5-14.5) 1.5E-06 X
MW-12 (21-22) 1.4E-01 X
MW-12 (31-32) 5.3E-02 X
MW-12 (46-47} 2.8E-06 ‘ X
MW-15 (13.5-14.5) 3.8E-07 X
MW-15 (23.5-24.5) 1.5E-02 X
MW-15 (28.5-29.5) 6.0e-07 X
“— MW-15 (38.5-39.5) 4.8E-06 X
MW-16 (13.5-14.5) 4 1E-05 X
MW-16 (23.5-24.5) 2.4E-02 X
MW-16 (28.5-29.5) 1.4E-04 X
MW-16 (38.5-39.5) 3.2E-05 X
—
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Daniel B, Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Falling Head Method

Job name: Shaw Environmental Type of water used: TAP
Job humber: WR03.0011.0Q Backpressure (psi), 0.0
Sample number: MW-12 (13.5-14.5) Offset (cm); 1.7
Ring number: NA Sample length (cm), 3.10
Depth: NA Sample x-sectional area (cm®); 10.38
Reservoir x-sectional area (cm?): 0.70
Temp Reservoir  Corrected Elapsed Ksat Ksat @ 20°C
Date Thne {"C) head {cm) head (cm) time (sec) (cm/sec) (cm/sec)
Test# 1:
29-4an-03 14:59:10 20.0 90.5 858.8 651864 1.4E-08 1.5E-06
30-Jan-03 08:11:54 18.0 59.7 58.0
Test# 2:
~— 30-Jan-03 08:11:54 18.0 59.7 58.0 8847 1.5E-08 1.6E-08
30-Jan-03 10:39:21 18.C 56.0 54.3
Test# 3
30-Jan-03 10:39:21 18.0 56.0 54.3 13598 1.5E-06 1.5E-06
30-Jan-03 14:25:59 20.0 51.1 49 4 ‘
Average Ksat {cm/sec): 1.5E-06
Comments:
Laboratory analysis by: D, Q'Dowd
Data entered by: D. Q'Dowd
Checked by: D. O’'Dowd
S
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Daniel B. Stephens & Assoclates, Inc.

Saturated Hydraulic Conductivity

Constant Head Method

Job name: Shaw Environmental Type of water used. TAP
Job number: WR03.0011.00

Collection vessel tare (g). 4.62

Sample number: MW-12 (21-22) Sample length (cm); 7.60

Ring number: NA

Sample diameter (cm). 6.11

Dapth: NA Sample x-sectional area (cm’). 29.30
Temp Head Q-+ Tare Q Elapsed Ksat Ksat @ 20°C
Date Time °C) (cm) (@) (cm™  time(sec)  (cmvsec)  (cmisec)
Test#1;
29-Jan-03  12:58:40 20.0 1.2 27.7 23.1 36 1.4E-01 1.4E-01
29-Jan-03  12:59:16
Test# 2
20-Jan-03  15:56:27 20.0 0.3 10.3 57 37 1.3e-01 1.3E-01
— 29-Jan-03  15:57.04
Test#3.
30-Jan-03  07:54:13 18.0 0.3 18.1 13.4 78 1.5E-01 1.5E-01
30-Jan-03  07:55:31
Average Ksat (cm/sec); 1.4E-01
Comments!
Laboratory analysis by: D. O'Dowd
Data entersd by: D. O'Dowd
Checked by; D. O'Dowd
e’
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Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Constant Head Method

Job nama: Shaw Environmental Type of water used: TAP
Job number: WR03.0011.00 Colfection vessel tare (g): 11.93
Samgple number: MW-12 (31-32) Sample length (cm); 7.58
Ring number NA Sample diametar (cm): 4.90
Depth: NA Sample x-sectional area (cm®): 18.83
Temp Head Q+ Tare Q Elapsed Ksat Ksat @ 20°C
Date Time (°C) (em) ) (em®  time(sec) (cm/sec)  (cmisec)
Test# 1:
28-Jan-03  12:58:05 20.0 2.1 38.8 26.9 95 5.4E-02 5.4E-02
29-Jan-03 12:58:40
Test# 2;
e 20-Jan-03  15:55:58 20.0 2.1 23.8 11.8 38 5.9E-02 5.9E-02
29-Jan-03  15:56:36
Test# 3
30-Jan-03  07:54:06 18.0 2.1 30.0 18.1 77 4.5E-02 4.7E-02
30-Jan-03  07:55:23
Average Ksat (cmisec); 5.3E-02
Cormments:

Labaratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc,

Saturated Hydraulic Conductivity

Falling Head Method
Job nams: Shaw Environmental Type of waler used: TAP
Job number: WR03.0011.00 Backpressure (psi). 0.0
Sample number: MW-12 (46-47) : Offset (cm): 3.6
Ring number: NA Sample length {cm). 5.81
Depth: NA Sample x-sectional area (cm’): 10.51

Reservoir x-sectional area (cm?); 0.70

Temp Reservolr Comacted Elapsed Ksat Ksat @ 20°C
Date Time (°C) head (¢cm)  head (cm) time (sec) (cm/sec) (cm/sec)
Test# 1:
30-Jan-03 10:37:03 18.0 100.6 97.0 13590 3.0E-06 2.8E-06
30-Jan-03 14:23:33 220 91.1 B7.5
Test# 2:
30-Jan-03 14:23:33 22.0 911 87.5 73740 2.BE-D8 2.7E-06
31-Jan-03 10:52:33 20.0 55.1 515
o
Test# 3.
31-Jan-03 10:52:33 200 55.1 B1.5 16831 2.7E-06 2.7E-06
31-Jan-03 15:34.44 220 483 45,7
Average Ksat (cmisec): 2.8E-06
Comments:
Laboratory analysis by: D. O'Dowd
Dats entered by: D. O'Dowd
Checked by: D. O'Dowd
S
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Daniel B. Stephens & Assaciates, Inc.

Saturated Hydraulic Conductivity
Falling Head Method

Job name: Shaw Environmental Type of water used: TAP
Job number: WR03.0011.00 Backpressura (psi). 0.0
Sample number: MW-15 (13.5-14.5) Offsef (cm): 2.4
Ring number: NA Sample langth (cm). 3.36
Depth: Sample x-sectional area (cm®): 10.54
Reservoir x-sectional area (cm?): 0.70
Temp Reservoir  Corrected Elapsed Ksat Ksat @ 20°C
Date Time (°C) head (cm) head {cm) time (sec) (cm/sec) {cmfsec)
Test#1:
30-Jan-03 10:41:12 18.0 111.3 108.9 87174 3.8E-07 3.9E-07
31-Jan-03 10:54:06 20.0 96.2 93.8
Test# 2:
‘ 31-Jan-03 10:54:06 20.0 96.2 93.8 16891 3. 9E-07 3.8E-07
" 31-Jan03  15:35:37 22.0 93.5 91.1
Tast # 3
31-Jan-03 16:35:37 22.0 935 a1.1 63592 3.7e-07 3.7E-07
01-Feb-03 09:15:29 19.5 B54.3 819
Average Ksat (cm/sec): 3.8E-07
Comments:

Laboratory analysis by: D. O'Dowd
Data enfered by: D. O'Dowd
Chacked by: D. O'Dowd
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Daniel B. Stephens & Assoclates, Inc.

Saturated Hydraulic Conductivity

Constant Head Method

Job name: Shaw Environmental
Job number: WR03.0011.00
Sample number: MW-15 (23.5-24.5)

Ring number: NA

Type of water used: TAP

Collaction vessel tare (g): 11.81

Sample fength (cm). 7.58

Sample diameter (cm). 4.90

Depth: NA Sample x-sectional area (cm’); 18.83
Temp Head Q+ Tare Q Elapsed Ksat  Ksat@ 20°C
Date Time (°C) {cm) (@ (em®)  time(sec) (cm/sec)  (cmisec)
Test# 1:
29-Jan-03  13:02:14 200 85 258 14.0 51 1.3E-02 1.3E-02
29-Jan-03  13:03:06
Test# 2
20-Jan-03  15:58:08 20.0 8.5 339 221 70 1.5E-02 1.5E-02
~— 29-Jan-03  15:59:18
Test # 3.
30-Jan-03 07:54:33 18.0 8.5 43.7 31.9 87 1.7E-02 1.8E-02
30-Jan-03  07:56:00
Average Ksat (cmisec): 1.5E-02
Comments:
Laboratory analysis by: D. O'Dowd
Data entared by: D. O'Dowd
Chacked by: D. O'Dowd
N
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Daniel B. Stephens & Assoclates, Inc.

Saturated Hydraulic Conductivity
Falling Head Method

Job name: Shaw Environmental

Job number: WR03.0011.00

Sample number: MW-15 (28.5-29.5)

Ring number: NA

Tvpe of water used: TAP
Backpressure {psi). 0.0

Offset (cm). 1.7

Sample length (cm): 3.67

Depth: NA Sample x-sectional area (cm’); 10.38
Reservoir x-sectional area (cm?): 0.70
Temp Reservoir Corrected Elapsed Ksat Ksat @ 20°C
Date Time {°C}) head {cm) head {cm) time (sec) (em/sec) (em/sec)
Test# 1
30-Jan-03 08:11:02 18.0 52.1 50.4 8817 6.5E-07 6.7E-07
30-Jan-03 10:37:59 18.0 50.9 49.2
Test # 2;
~— 30-Jan-03 10:37:69 18.0 50.9 492 135652 6.0E-07 6.0E-07
30-Jan-03 14:23:61 20 48.3 476
Test # 3.
30-Jar-03 14:23.51 22,0 49.3 476 73737 5.5E-07 5.3E-07
31-Jan-03 10:52:48 20.0 422 40.5
Average Ksat (cm/sec); 6.0E-07
Comments:
Labaratory analysis by: D. O'Dowd
Data entered by: D. O'Cowd
Checked by: D. O'Dowd
o
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Danieal B, Stephens & Associates, Inc.

Saturated Hydraulic Conductivity

Falling Head Method
Job name: Shaw Environmental Type of water used. TAP
Job number: WR03.0011.00 Backprassure (psi): 0.0
Sample number: MW-15 (38.5-39.5) Offsot (cm); 2.6
Ring number: NA Sampie length {cm): 4.85
Depth: NA Sample x-sectional area (cm”): 10.46

Reservoir x-sectional area (cm?): 0.70

Temp Reservoir Corrected Elapsed Ksat Ksat @ 20°C
Date Time (°C}) head {(cm)  head (cm)  time (sec) ~ (cm/sec) {cmisec)
Test# 1,
28-Jan-}3 14:47:40 20.0 58.8 56.0 652614 4.5E-06 4,6E-06
30-Jan-03 08:11:14 18.0 26.2 236
Test# 2:
30-Jan-03 058:11:14 18.0 2682 236 8823 4 BE-06 5.0E-08
30-Jan-03 10:38:17 18.0 23.3 20.7
Test# 3.
30-Jan-03 10:38:17 18.0 23.3 20.7 13651 4 8E-06 4. 8E-06
30-Jan-03 14:24:08 220 19.5 16.9
Average Ksat {(cmisec):  4.8E-08
Comments:
Laboratory analysis by. D. O'Dowd
Data enterad by: D. O'Dowd
Checked by: D. O'Dowd
R
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Daniel B, Stephens & Assoclates, Inc.

Saturated Hydraulic Conductivity

Constant Head Method

Job name; Shaw Environmental Typa of water used: TAP
Job number: WR03.0011.00 Collaction vessel tara (g); 11.81
Sample number: MW-16 (13.5-14.5) Sample length (cm): 5.61

Ring number: NA

Sample diameter (cm). 4.90

Dapth: NA Sample x-sectional area (cm?); 18.88
Temp Head Q+ Jare Q Elapsed Ksat  Ksat @ 20°C
Date Time (°C) {cm) (g} (cm®)  time (sec)  (cmisec)  (crvsec)
Test# 1:
A0-Jan-03  07:52:25 18.0 8.8 12.5 07 €58 3.7E-05 3.BE-05
30-Jan-03  08:03:23
Test# 2
— 30-Jan-03  14:18:49 22.0 a.8 - 122 0.4 207 4.2E-05 4.0E-05
30-Jan-03  14:23:48
Test# 3.
31-Jan-03  10:47:22 20.0 8.8 126 08 587 4.3E-05 4.3E-05
31-Jan-03  10:57:09
Average Ksat (cmisec): 4.1E-05
Comments:

Laboratory analysis by: D. O'Dowd
Data entered by: . O'Dowd
Checked by: D. O'Dowd
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Daniel B. Stephens & Assoclates, Inc.

Saturated Hydraulic Conductivity

Constant Head Method

Job name: Shaw Environmentai Type of water used:. TAP
Job number: WR03.0011.00 Collection vessel tare (g). 4.76
Sample number: MW-16 (23.5-24.5) Sarmple fength (cm); 7.61

Ring numbsr: NA

Sample diameter (cm): 6.14

Depth: NA Sample x-sectional area (cm’): 29.60
Temp Head Q+ Tare Q Elapsed Ksat Ksat@ 20°C
Date Time (°C) (cm) () (cm?)  fime(sec) (cm/sec)  (cm/sec)
Test#1:
28-Jan-03  13:01:09 20.0 52 15.2 10.5 23 2.3E-02 2.2E-02
20-Jan-03  13:01:32
Tast#2:
29-Jan-03  15:57:32 20.0 52 241 19.3 44 22E-02 2.2E-02
: 29-Jan-03  15:58:16
M ' .
Tesi# 3.
a0-Jan-03 07:54:24 18.0 0.8 14,9 1041 126 2.6E-02 2.7E-02
30-Jan-03  07:56:30
Average Ksat (cm/sec): 2.4E-02
Commants:
Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
o
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Daniel B. Stephens & Adssociates, Inc.

Satuyrated Hydraulic Conductlvity
Constant Head Method

Job name: Shaw Envirghmental

Job number: WR03.0011.00

Semple number: MW-16 (28.5-29.5)

Ring number. NA

Type of water used; TAP
Collection vassel tare (g). 6.60
Sample length (cm); 4.60
Sample diameter (cm). 4.91

Comments:

. aboratory anelysis by: . O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd

Depth: NA Sample x-sectional area (cm?): 18.93
Temp Head Q-+ Tare Q Elapsed Ksat Ksat @ 20°C
Date Time (°C) (cm) (@ (cm®)  time (sec) _(cm/sec) (cmisec)
Test# 1
20-Jan-03  13:02:36 20.0 12.2 12.6 6.0 906 1.3E-04 1.3E-04
20.Jan-03 1311742
Test # 2:
S 2g.Jan-03 15:59:08  20.0 12.2 13.4 6.8 1023 13E-04  1,3E-04
29.Jan-03  16:16:11
Test# 3
30-Jan-03  07:568:47 18.0 12.2 8.8 3.2 424 1.5E-04 1.6E-04
30-Jan-03  08:03:51
Avarage Ksat {cm/sec): 1.4E-04
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Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Constant Head Mathod

Job name: Shaw Environmental

Job number: WR03.0011.00
Sample number: MW-16 (38.5-39.5)
Ring number: NA

Type of water used: TAF
Collaction vessel tare (g): 11.81

Sample length (cm): 4.68

Sample diameter (cm). 4.93

Depth: NA Sample x-sectional area (cm?): 19.06
Temp Head Q+Tare Q Elapsed Ksat  Ksat @ 20°C
Date Time (°C) (cm) (9) (cm®)  time(sec) (cm/sec) (cm/sec)
Test# 1:
31-Jan-03  11:56:56 200 75.0 13.5 1.7 174 32E-05 3.2E-05
31-Jan-03  11:59:50
Test# 2.
31-Jan-03  15:30:30 220 714 13.7 1.8 200 3.2E-05 3.0E-05
31-Jan-03  15:33:50
S
Test# 3:
01-Feb-03 09:11:12 19.5 714 13.7 1.9 199 3.2E-05 3.3E-05
01-Feb-03 08:14:31
Average Ksat (cm/sec): 3.2E-05
Comments:
Laboratory analysis by: D. O'Dowd
Data enterad by: D. O'Dowd
Checked by: D. O'Dowd
‘\--...-"
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Daniel B. Stephens & Associates, Inc.

Summary of Particle Size Characteristics

G, =

{daq){den)

dio dsg deg ASTM USDA
Sample Number {mm} {mm) (mm) C, C. Method Classification Classification
MWW-12 (13.5-14.5) 9505 0.046 0.057 c00 36 WS/H Silt with sand Loam
MwW-12 (21-22) 0.58 az2 4.5 8.2 1.0 WSH  Well-graded sanﬁ-wlth gravel NA
MW-12 {31-32} 0.26 0.56 G54 25 1.1 WS/H Poorly-graded sand Sand
WMWW-12 (45-47) G.0014 G.025 0.041 29 1.7 WSH Silt with sand Silt Loam
MW-15 {13.5-14.5) 0.00018 0.054 0.087 511 29 WSHH Sandy siit Sandy Loam
MWW-15 (23.5-24.5) 018 1.1 24 3 0.48 WS/H Poorty-graded sand with NA
gravel
MWW-15 (28.5-29.5) 0.0014 0.019 0.025 18 21 WS/H Siit with sand Silt Loam
hMW-15 {38.5-39.5) 0.0010 G014 0.020 20 2.5 WSIH Sitt Sili Loam
MW-16 (13.5-14.5) 3.3E-05 0.043 p.058 2061 114 WS/H Sandy ¥ean ciay Loam
MW-16 (23.5-24.5) 0.079 0.57 0.73 9.2 1.7 WwWsiH Well-graded sand with siit Loamy Sand
MY-16 (28.5-29.5) 0.00033 0.015 0.027 82 2.4 WSH Lean clay with sand Silt Loam
dey = Median particle diameter C. = dgg DS = Dry siave
"7 dyg
Est = Repaorted valuas for dqg, C, G, and soil ° H = Hydromeater
classification are estimates, since extrapolation s )
was required to obtain the dy, diameter {daal WS = Wetsieve

(Est)

(Est)

{Est)

(Est)

{Est}



Daniel B. Stephens & Asseciates, Inc.

Summary of Particle Size Characteristics (Continued)

dyo g dep ASTM USDA
Sample Number {mm) (mm} (mm) Cy C. Method Classification Classification
MW-16 {38.5-39.5) .0040 0.027 0.033 B.3 1.9 WSH Silt Silt Loam
c
ey
-
=
=
%]
L
tJ
&
dey = Median particle diameter _ ey pS = Drysieve
uw® g
Est = Repored values for dyg, Cu, G, and soil ° H = Hydrometer
dassification are eslimates, since extrapolaion 2 .
was required to obiain the d o diameter o - WS = Wet sieve
f {d10}{dlso)



Danicl B. Stephens & Associates, Inc.

Particle Size Analysis
Wat Sieve Data (#10 Split)
Job Name: Shaw Environmental initial Dry Weight of Sample (g): 1333.02
Job Number, WR03.0011.00 Weight Passing #10 (g). 1332.68
Sample Number. MW-12 (13.5-14.5) Waight Retained #10 (g): 0.34
Ring Number. NA Weight of Hydrometer Sample fg): 50.15
Dapth: NA Caloulated Weight of Sieve Sample (g): 50.16

Test Date: 28-Jan-03

Test Sieve Diameter WL Cum W, Wi,
Fraction Number {mm) Retained Retained Passing % Passing
+10
I 75 0.00 0.00 1333.02 100.00
1.5" 381 0.00 0.00 1333.02 100.00
3/4" 19.0 0.00 0.00 1333.02 100.00
38" 9.5 0.00 0.00 1333.02 100.00
4 4,75 0.00 0.00 1333.02 100.00
10 2.00 0.34 0.34 1332.68 99.97
-10 (Based on calculated sieve wt.)
— 20 0.85 0.19 0.20 49.96 90 .60
40 0.425 1.7 1.37 48.79 97.26
&0 0.250 . 1,36 2.73 47.43 94.55
140 0.108 5.81 8.54 41.62 82.97
200 0.075 547 14 01 36.15 72.07
dry pan 2.88 16.89 3327
wet pan . 33.27 0.00
dyo (Mmm): 9.5E-05 dgo (mm). 0.046
dys (mim}: 0.0024 deg (mm): 0.057
g (MY 0.014 dgq {(Mmm): 0.1

Median Farticle Diameter —dso {mm): 0.046 (e Reported values for dyg, G,
Uniformity Coefficient, Cu ~{deg/dio] (mm): 600 |C., and soil classification are
Coefficient of Curvetura, Gt ~1(d0) /(1o deo)] (MM): 36 estimates, since extrapolation was

Mean Partice Diameter—{(ds+ds+ds)/3] (ram): 0.053 recuired to obtain the dy, diameter |

Classification of fines: ML

ASTM Soil Classiication: Silt with sand
USDA Soil Classification: Loam

RS- Laboratory analysis by: D. O'Dowd

Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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Danilel B, Stephens & Assoclaltes, Inc,

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Job Number: WR03.0011.00 Reaction with H,O;' Moderate
Sample Number: MW-12 (13.5-14.5) Dispersant: (NaPQOg),
Ring Number: NA Measured particle density. 2.77
Depth: NA initial WA, (g): 50.15
Test Date: 30-Jan-03 Total Sample WL (g): 1333.02
Start Time: 818 Wt Passing #10 (g) 1332.68
Time Temp R Ry Reor L D P
Data (min) (°C) (g/L) {g/L) (g/L) (cm} {rmm) (%) % Finar
6-Feb-03 1 21.0 30.5 8.0 245 11.3 004371 47.9 47.8
2 21.0 275 6.0 215 14.8 0.03157 420 42.0
5 21.0 24.0 6.0 18.0 12.4 0.02045 35.2 35.2
10 21.0 21.5 6.0 15.5 12.8 0.01470 30.3 303
20 21.0 20.0 5.0 14.0 13.0 0.01049 274 274
S 60 21.0 17.5 6.0 11.5 13.4 0.00615 225 22.5
120 21.0 16.0 6.0 10.0 137 0.00435 . 195 19.5
240 21.0 15.0 6.0 9.0 13.8 0.00312 17.6 17.6
480 21.0 14.0 6.0 8.0 14.0 0.00222 15,6 15.6
7-Feb-03 1440 21.0 13.5 8.0 7.5 14.1 0.00129 14.7 147
Comments:

Laboratory analysis by: D. O'Dowd
Data entered by: D. Q'Dowd
Cheacked by: D. O'Dowd

LEU 002330



* . & STAMDARD SIEVE MUMBERS ( (

3 15 34 38 #4 #10 4y #40 #50 #l40 %200 \OROMETER
100 r = -il t —tt )]
- K -
211} A\- 10
80 ' _ 20
= i \ ] o
T 70 30 "J.'i_.
O \ n
w ] y
2 &0 : ' E
& I \ S
i 3
é 50 —'—Wet SIE.-\I'E E
s —&— Hydrometer a
E 40 i,
0 - b3
m
ﬁ 30 70 %
» »
20 i" a0
10 50
) 100
000 100 10 i 0.1 o.M 0.001
PARTICLE DIAMETER (mmi)
UNIFIED |  coesLes GRAVEL SAND SILT OR CLAY
S S T W .| -
USDA COBBLES GRAVEL SAND SILT CLAY
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Note: Reported values for d. Cu, ¢, and ASTH classification are estimates,
since extrapolation was required to obtain the dyg diameter

Danicl B. Sfephens & Asseciates, Irc.




Daniel B, Stephens & Associates, Inc.

Particle Size Analysis
_Wet Sieve Data (#10 Spilit)
Job iName: Shaw Environmental Initial Dry Weight of Sample (g): 1326.96
Job Number: WR03.0011.00 _ Weight Passing #10 (g); 471.51
Sample Number: MW-12 (21-22) Weight Retained #10 (g): 83545
Ring Number. NA Waight of Hydrometer Sample (g): 50.09
Depth: NA Calculated Weight of Sieve Sample (g): 140.87
Test Date: 28-Jan-03
Test Sieve Diameter Wi Cum Wt WA,
Fraction Number (mm) Retained Retained Passing % Passing
+10
3 75 0.00 0.00 1326.96 100.00
1.5" 8.1 0.00 0.00 1326.96 100.00
3/4" 18.0 69.54 69.54 1257 .42 094.76
a3/8" 8.5 156.80 226.34 1100.62 82.504
4 475 278.80 505.14 821.82 61.93
10 2.00 350.31 86545 471.51 35.563
-10 (Based on calculated sieve wit.)
20 0.85 27.57 118.45 22.52 15.98
e 40 0.425 13.56 132.01 8.96 6.36
60 0.250 3.86 135.87 5.10 3.62
140 0.106 2.28 138.15 282 2.00
200 0.075 0.58 138.73 2.24 1.59
dry pan 0.10 138.83 2.14
wet pan 214 0.00
dyo (Mm). 0.565 dgo(mm): 3.2
dq¢ (Mmm). 0.85 dga (MM). 4.5
dyp (Mm): 1.6 dgs (mm): 10

Median Particie Diametor—ds, (mm): 3.2

Unifarmity Coefficient, Cu --{dso/dso] {(mm}. 8.2
Coefficient of Curvature, Cc—[(0u) f(dso"deall (M) 1.0
Msan Particle Diameter—{(dig+dse+daa)/3] (mm): 4.7

ASTM Soil Classification: Welt-graded sand with gravel
LJSDA Soil Classification. NA

Laboratory analysis by D. O'Dowd
— Data entered by: D. O'Dowd
Checked by D. O'Dowd

LEU 002332



Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Job Number: WR(3.0011.00 Reaction with Hy0O.: None
Sampile Number: MW-12 (21-22) Dispersant: (NaPQO,)g
Ring Number: NA Measured particle dansify: 2.65
Depth: NA . )
Initial WA. (g); 50.09
Test Date: 31-Jan-03 Total Sample WE. (g): 1326.96
Start Time: 8:36 Wt Passing #10 (g): 471.51
Time Temp R Ry Reorr L D P
Date {min) {°C) (g/l) {g/L) {g/L) {cm) (mm) (%) % Finer
4-Feb-03 1 21.0 7.5 6.5 1.0 15.1 0.05218 2.0 0.7
2 21.0 7.0 6.3 0.5 152 0.03699 1.0 0.4
5 21.0 7.0 6.5 0.5 15.2 0.02340 1.0 0.4
— 10 21.0 7.0 6.5 0.5 15.2 0.01654 1.0 0.4
20 21.0 7.0 6.5 0.5 15.2 0.01170 1.0 0.4
60 21.0 7.0 6.5 0.5 15.2 0.00675 1.0 0.4
120 210 6.5 6.0 0.5 16.2 0.00479 1.0 0.4
240 21.0 6.5 6.0 0.5 15.2 0.00339 1.0 0.4
480 21.0 6.5 6.0 0.5 15.2 0.00239 1.0 0.4
5-Feb-03 1440 21.0 6.4 8.0 0.4 15.3 0.00138 0.8 0.3
Comments.
Laborstory analysis by: D. Q'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
S
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Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Wet Sieve Data (#10 Split)

Jab Name: Shaw Environmental initial Dry Weight of Sample (g); 1148.22
Job Number: WR03.0011.00 Weight Passing #10 (g): 1113.40
Sample Number: MW-12 (31-32) Weight Retained #10 (g): 35.82
Ring Number: NA Waight of Hydrometer Sample (g): 50.13
Depth: NA Calculated Weight of Sieve Sample (g): 51.74
Tast Date; 28-Jan-03
Test Slave Giameatar we Cum Wt Wi,
Fraction Number {mm) Retained Retained Passing % Passing
+10
3" 75 0.00 0.00 1149.22 100.00
1.5" 38.1 0.00 0.00 114922 100.00
34" 19.0 0.00 0.00 1149.22 100.00
s" 9.5 1.82 1.92 1147 .30 99.83
4 4.75 5.79 7.71 1141.51 99,33
10 2.00 28.1 35.82 1113.40 96.88
i -10 (Based on calculated sieve wt.}
— 20 0.85 a.21 9.82 41.92 81.02
40 0.425 26.27 36.09 15.65 30.25
&0 0.250 11.70 47.79 3.95 7.63
140 0.106 3.09 5(.88 0.86 1.66
200 0.075 Q.22 51.10 0.64 1.24
dry pan 0.01 51.11 0.863
wet pan 0.63 0.00
dyg (mm). 0.26 dso (MM). 0.66
dse (mm). 0.30 dga (MM): 0.64
dap (rm): 0.42 des (mm): 1,00

Median Particle Diameter ~dsp, (mm); 0.56
Uniformity Coefficient, Cu —{de/dp} (mm): 2.5
Coefficient of Curvaturs, Cc—[{ds) /{dx*deo)] (mm): 1.1
Mean Particle Diameter--[{d,g+dso+dgs)/3] (mm). 0.62

ASTM Soil Classification: Poorly-graded sand
USDA Soil Classification: Sand

S Laboratory analysis by: D. Q'Dowd
Data entered by: D. O'Dowd
Chackad by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Type of Water Used. DISTILLED
Job Number: \WWR03.0011.00 Reaction with H,0,. None
Sample Number: MW-12 (31-32) Disparsant. (NaPOs)s
Ring Number: NA Measured particle densily: 2.66
th:
Depth: NA Initial WL (g): 50.13
Test Date: 31-Jan-03 Total Sample WL (Q): 1148.22
Start Time; 8:42 Wt Passing #10 (g): 1113.40
Time Temp R R, Reor L D P
Date {min} (°C) (g/L) (/L) _(gh) (cm) {mim) (%) % Finer
4-Fab-03 1 21.0 80 6.5 1.5 15.0 0.05180 3.0 29
2 21.0 8.0 8.5 1.5 15.0 0.03670 3.0 29
5 21.0 8.0 6.5 1.5 15.0 0.62321 30 2.9
10 21.0 7.8 6.5 1.0 158.1 0.01648 2.0 1.9
20 210 7.5 65 1.0 15.1 0.01164 2.0 1.9
— 60 21.0 7.0 6.5 0.5 152 0.00674 1.0 1.0
120 21.0 6.5 6.0 0.8 15.2 0.00478 1.0 1.0
240 21.0 6.5 6.0 0.5 15.2 0.00338 1.0 1.0
480 21.0 6.5 6.0 0.5 15.2 0.00239 1.0 1.0
5-Feb-03 1440 21.0 6.4 6.0 0.4 16.3 0.00138 0.8 N8
Caomments:
Laboratory analysis by: D. O'Dowd
Data entered by. D. O'Dowd
Checked by: D. O'Dowd
\-.-r"
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Danricl B. Stephens & Associates, Inc.

Particle Size Analysis

Wet Sieve Data (#10 Split)
Job Narme: Shaw Environmental Initial Dry Weight of Sample (g): 877.45
Job Number: WR03.0011.00 Waight Passing #10 (q). 877.45
Sample Number: MW-12 (46-47) Waeight Retained #10 (g): 0.00
Ring Numbser: NA Waight of Hydrometer Sample (g): 50.10
Depth: NA Calculated Weight of Sieve Sample (g): 50.10
Tast Date: 28-Jan-03
Test Sieva Diametar Wt Curn Wt Wh,
Fraction Number {mm) Retained Reatained Passing % Passing
+10 !
" 75 .00 0.00 877.45 100.00
1.5 381 0.00 0.00 B77.45 100.00
34" 18.0 0.00 0.00 B77.45 100.00
38" 8.5 0.00 0.00 B77.45 100.00
4 4.75 0.00 0.00 877.45 100.00
10 200 0.00 0.00 877.45 100.00
-10 (Based on calculated sieve wt)
‘ 20 0.85 0.15 0.15 49.95 099.70
— 40 0.425 0.88 1.03 4907 97.94
60 0.250 1.90 2.93 4717 a4.15
140 0.106 5.18 8.11 41.99 83.81
200 0.075 Ry 11.42 38.68 77.21
dry pan 1.64 13.06 37.04
wet pan 37.04 0.00
dya{mm}: 0.0014 dso {mmy): 0.025
dyg (Mmm): 0.0039 deo (Mm). 0.041
daa (MmM): 0.010 dpa (MM} 0.17

Madian Particle Diamoater --dg, (mm): 0.026
Uniformity Coefficient, Cu ~{deo/dso] (Mm). 29
Coefficient of Curvaturs, C¢—[(dso)*H(dw"deolt (mm). 1.7
Mean Particle Diameter-{(d,s+dsptdsd/3] (mm): 0.046

Classification of finas: ML

ASTM Soil Classification: Silt with sand
LISDA Soil Classification: Silt Loam

Laboratory analysis by: D. O'Dowd
- Data entered by: D. O'Dowd
Chacked by: D. O'Dowd
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Daniel B, Stephens & Associates, Inc.

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Jobh Number: WR03,0011.00 Reaction with H:0;. Moderate
Sample Number: MW-12 (46-47) Dispersant: (NaPO;),
Ring Number: NA Measured particte density: 2.74
D : NA
epth Initial We. (g): 50.10
Test Date: 30-Jan-03 Total Sample WE (g}, 877.45
Start Time; 812 Wt Passing #10 (g): 877.45
Time Temp R Ry Reor L D =
Date (min) {°C) (a/L) (g/L) {g/L) {(em) (mm) {%) % Finer
8-Feb-03 1 21.0 370 6.0 310 102 0.04195 60.6 60.6
2 21.0 34.0 6.0 28.0 10.7 0.03037 54.8 54.8
5 21.0 29.0 6.0 23.0 115 0.01993 450 450
10 21.0 250 6.0 18.0 12.2 0.01449 37.2 37.2
s 20 21.0 21.5 6.0 15.5 12.8 0.01048 30.3 30.3
60 21.0 17.0 6.0 11.0 13.5 0.00622 21.8 2156
120 21.0 15.0 6.0 9.0 13.8 0.00445 176 17.6
240 21.0 13.0 6.0 7.0 4.2 0.00319 13.7 13.7
480 21.0 12.0 6.0 6.0 143 0.00227 117 11.7
7-Feb-03 1440 21.0 11.0 6.0 5.0 145 0.00132 9.8 9.8
Commaents:
Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
p—
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Daniel B. Stephens & Associates, Inc.




Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Wet Siave Data (#10 Split)

Job Name: Shaw Environmentat
Job Number: WR03.0011.00
Sample Number: MW-15 (13.5-14.5)
Ring Number: NA

Depth: NA

Test Date: 28-Jan-03

initial Dry Weight of Sample (g): 1045.17

Waeight Passing #10 (g): 1036.34
Waeight Retained #10 {g): 8.83
Weight of Hydrometer Sample (g): 50.85

Calculated Weight of Sieve Sample (g). 51.28

Test Sieve Diameter Wi Cum Wt. WL
Fraction Number (mm}) Retained Retained Passing % Passing
+10 .
3 75 0.00 0.00 1045.17 100.00
1.5" 3841 0.00 0.00 1045.17 100.00
A" 18.0 0.00 0.00 1045.17 100.00
am" 9.5 0.00 0.00 1045.17 100.00
4 475 0.00 0.00 1045.17 100.00
10 ., 2.00 8.43 8.83 1036.24 99.16
=10 (Based on caiculated sieve wt.)
— 20 0.85 1.67 2.00 49.28 96.09
40 0.425 278 4,76 46.52 20.71
50 0.260 428 9.04 42.24 82.37
140 0.106 10.31 18.35 31.83 62.26
200 0.075 4.41 23.76 27.52 53.66
dry pan 1.70 25.46 2582
wat pan 25.82 0.00
dyo{mm): 0.00019 dso (Mm): 0.064
dyg (Mm). 0.0041 deo (MmM): 0.097
thyg (M) 0.023 das (MM): 0.28

Median Particle Diameter —dgo (mm)
Uniformity Coefficient, Cu —[des/d1o] (MM)
Coefficient of Curvature, Cc--{(dag)*/(dyy"dea)] (Mm):

Mean Particle Diameter —[{dg+dsotdgs)/3] (Mm)

Classification of finas;

ASTM Soif Classification: Sandy silt

USDA Soil Classification: Sandy Loam

Laboratory analysis by: D. O'Dowd
Data enterad by: D. O'Dowd
Chacked by: D. O'Dowd

£ 0.064 ot Reported values for dia, Cy,
;611 C,, and goil classification are

a5 estimates, sinca extrapolation was
redquired to obtain the dp diameter

R

ML
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Daniel B. Stephens & Associates, Inc,

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Tvpe of Waler Used: DISTILLED
Job Number: WR03.0011.00 Reaction with H.Q,. Moderate
Sample Number: MW-15 (13.5-14.5) Dispersant: {NaFQOs)g
Ring Number; NA Maasured particle density: 2.77
Depth: NA Initial W, (g): 50.85
Test Date: 29-Jan-03 Total Sample WA (g): 104517
Start Time: 8:00 WAL, Passing #10 (g): 1036.34
Time Temp R Ry Reorr L D P
Date {min) {°C) {gh) {g/L) (@) (e} (rm) (%) % Finar
&5-Feb-03 1 21.0 275 8.0 21.5 11.8 0.04480 414 411
2 21.0 24.0 &6.0 18.0 12.4 0.03229 34.7 4.4
5 21.0 21.0 6.0 156.0 12.9 0.02083 288 287
10 21.0 19.0 6.0 13.0 132 0.01491 25.1 24.8
20 21.0 18.0 6.0 12.0 13.3 0.01061 231 22.9
—~— 60 21.0 15.0 6.0 9.0 13.8 0.00624 17.3 17.2
120 21.0 14.5 6.0 8.5 13.9 0.00442 16.4 16.2
240 21.0 4.0 6.0 8.0 14.0 0.00314 154 15.3
480 21.0 13.5 6.0 7.5 14.1 0.00222 14.5 14.3
7-Feb-03 1440 21.0 13.0 5.0 7.0 14.2 0.00129 135 134
Commenis:

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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Note: Reporied vaiues for dio. C,. C.. and ASTM classificaticn are estimates,
since extrapolation was reguired fo obtain the d;, diameter

Daniel B. Stephens & Associales, Inc.




Danicl B. Stephens & Assoclates, Inc.

Particle Size Analysis
Wet Sieve Data (#10 Split)

Job Name: Shaw Environmental initial Dry Weight of Sample (g): 1401.97
Job Number: WR03.0011.00 Weight Passing #10 (g): 795.24
Sample Number: MW-15 (23.5-24.5) Waight Retained #10 (g): 608.73
Ring Number. NA Waight of Hydrometer Sampla (g): 50.33
Depth: NA Calculatad Weight of Sieve Sample (g): aa73
Test Date; 28-Jan-03
Test Sieve Diameter Wt Cum ‘Wt WA
Fraction Number (mm} Retained Retained Passing % Passing
+10 '
K 75 0.00 0.00 . 1401.97 100.00
1.5" 38.1 0.00 0.00 1401.97 100.00
" 19.0 145.03 148.03 - 1256.94 19.66
a/s" 9.5 118.46 26349 1138.48 81.21
4 A75 135.22 398.71 1003.26 71.56
10 2.00 208.02 606.73 795.24 56.72
-10 (Based on calculated sieve wt.)
20 0.85 89.14 47.54 41,19 48.42
R 40 0.425 17.06 64.60 2413 27.20
60 0.260 13.11 77.71 11.02 12.42
140 0.106 6.65 84.36 437 493
200 0.075 1.23 85.59 3.14 3.54
dry pan 0.29 85.88 2.85
wet pan 2.85 0.00

dyo (M) 0.19 dgo(mm): 1.1

dye (Mm); 0.28 tdgo (mm): 2.4

dap (Mm): 0.47 dgy (mrm): 12

Median Particle Diameter —dgy {mm): 1.4

mrm): 13
mm). 048
mm): 4.5

Uniformity Coefficient, Cu —{dag/G1al
Coefficient of Curvature, Cc—[(ds)*/(di0"dea)]
Mean Farticle Diametﬂr—[(d1g+d50+d5‘)13]

— e~

ASTM Soil Classification: Poorly-graded sand with gravel
USDA Soil Classification. NA

Labaoratory analysis by: D. O'Dows
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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Daniel B. Siephens & Assoclates, Inc.

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Job Number; WR03.0011.00 Reaction with H;0,: None
Sample Number: MW-15 (23.5-24.5) Dispersant: (NaPQg)s
Ring Number. NA Measurad particle density. 2.86
Depth: NA Initial WL, (g): 50.33
Tast Date: 31-Jan-03 Total Sample WA. (g). 1401.97
Start Time: 830 . Wt Passing #10 (g): 795.24
Time Temp R Ro Reorr L D P
Date {min) (°C) (g/L) (giL) {g/L) {cm) (mm) {%) % Finer
4-Feb-03 1 21.0 8.0 6.5 2.5 14.8 0.05171 50 28
2 21.0 8.5 6.5 2.0 14.9 0.03667 4.0 2.3
5 21.0 8.0 8.5 1.5 15.0 0.02325 3.0 1.7
: 10 21.0 8.0 6.5 1.5 15.0 0.01644 3.0 1.7
— 20 21.0 7.5 8.5 1.0 151 0.01166 2.0 1.1
60 21.0 7.8 6.5 1.0 15.1 0.00673 2.0 1.1
120 21.0 7.0 6.0 1.0 15.2 0.00477 20 11
240 21.0 7.0 8.0 1.0 15.2 0.00337 2.0 1.1
480 21.0 7.0 8.0 1.0 15.2 0.00239 2.0 1.1
5-Feb-03 1440 21.0 6.5 6.0 0.5 15.2 0.00138 1.0 0.6
Comments:

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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Daniel B. Stephens & Assoclates, Inc.

" Particle Size Analysis

Wet Sieve Data (#10 Sphit)
Job Name: Shaw Environmental Initial Dry Weight of Sampie (g). 643.46
Job Number: WR03.0011.00 Weight Passing #10 (g): 643.46
Sample Number: MW-15 (28.5-29.5) Waeight Retained #10 (g): 0.00
Ring Number: NA Weight of Hydrometer Sample (3): 50.67
Dapth: NA Calculated Waight of Sieve Sample (g): 50.67

Test Date: 28-Jan-03

Test Sieve Diamatear Wt Cum Wit. Wt.
Fraction Number {rmm) Retained Retained Passing % Passing
+10
3" 75 0.00 0.00 643.46 100.00
1.5 38.1 0.00 0.00 643.46 100.00
3/4" 19.0 0.00 0.00 543,46 100.00
3/g" 9.5 0.00 0.00 643,46 100.00
4 475 0.00 0.00 643.46 100.00
10 2.00 0.00 0.00 643.46 100.00
-10 (Based on calculated sieve wt.)
S 20 0.85 0.02 0.02 50.85 90.96
40 0.425 0.15 0.17 50.50 09 66
80 - 0.250 0.74 0.91 49.76 98.20
140 0,106 413 5.04 45.63 20.05
200 0.075 2.98 8.02 42.85 8417
dry pan 1.38 9.40 .27
wet pan 41.27 0.00
dyo (Mm): 0.0014 dse (Mm): 0.019
gy (M) 0.0038 dgg {mm): 0.025
dag (mm): 0.0085 dpa (mm}. 0.074 -

Median Particle Diarmneter —dsy {mm): 0.019
Unifarmity Coefficient, Cu —{dgy/d+o] (mm): 18
Coefficient of Curvature, Gt ~{{ds)/(dyg*dgo)] (mm): 2.9
Mean Farticle Diameter —[(d.g+dsotdpa)/3] (mm). 0.032

Classification of fines (visual method): ML

ASTM Soil Classification: Silt with sand
USDA Soil Classification: Silt Loam

\, Laboratory analysis by: D. O'Dowd

Data antered by: 0. O'Dowd
Chacked by: D. O'Dowd

LEU 002347



Danilel B. Stephens & Associates, Inc.

Particle Size Analysis

Hydromaeter Data
Job ivarme; Shaw EnviFonmsiiial Type of Water Used: DISTILLED
Job Numbar: WR03.0011.00 Reaction with H;0;: None
Sample Number: MW-15 (28.5-29.5) Dispersant: (NaPOs)y
Ring Number: NA Measured particle density: 2.78
Depth: NA Inftial W, (g): 50.67
Test Date: 30-Jan-03 Total Sampie WL (11): 643.46
Start Time: 8:54 WA Passing #10 (g): 643.46
Time Temp R R, Roor L D P
Date {min} {°C) _(gL) (g/L) (g/L) (cm) {mm) {%o) % Finer
A-Feb-03 1 21.0 42,0 6.5 35.5 9.4 0.03978 68.0 68.0
2 21.0 40.0 6.5 335 9.7 0.02861 64.1 64.1
5 21.0 33.0 6.5 26.5 10.9 0.01913 50.7 50.7
10 21.0 28.0 . 6.5 21.5 1.7 0.01403 41.2 41.2
20 21.0 245 6.5 18.0 12.3 0.01016 345 345
~— 60 21.0 18.0 6.5 11.5 13.3 0.00611 22.0 22.0
120 21.0 15.5 6.0 9.5 13.8 0.00439 18.2 18.2
240 21.0 13.0 6.0 7.0 14.2 0.00315 134 13.4
480 21.0 125 6.0 6.5 14.3 0.00223 12.4 12.4
5-Feb-03 1440 210 - 1.0 6.0 5.0 14.5 0.00130 9.6 9.6
Comments:

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd
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USDA COBBLES GRAVEL SAND SILT CLAY
Voromess] Cossa | Wadum | Five | Vory e
dﬂ} = 0.0014 dgﬂ = 0.0085 dsu = 0.019 dﬁﬂ = 0,025 CLI =148 Cc =21
SAMPLE RUMBER DEFTH ASTHM CLASSIFICATION USDA CLASSIFICATION
MW-15 {28.5-29.5) NA, Silt with sand Silt Loam
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Daniecl B. Stephens & Assoclates, Inc.

Particle Size Analysis
Wet Sieve Data (#10 Spilt)
Job Name: Shaw Environmentai Initial Dry Weight of Sample {g): 746.94
Job Nurmber: WR03.0011.00 Weight Passing #10 (g): 739.03
Sample Number: MW-15 (38.5-39.5) Waight Retained #10 (q): 7.91
Ring Number: NA Waeight of Hydrormeter Sample (9): 50.24
Deopth: NA Calculated Weight of Sieve Sample (g): 50.78

Tast Date: 28~Jan-03

Test Sieve Diameter Wt Cum Wt Wit
Fraction Number (mm) Retained Retained Passing % Passing
+10
3" 73 0.00 0.00 746.94 100.00
1.5" 381 0.00 0.00 746.94 100.00
34" 19.0 0.00 0.00 746.04 100.00
3/8" 95 0.00 0.00 746.94 100.00
4 4,75 0.25 0.25 746.69 98,97
10 2.00 7.66 7.99 73903 98.94
10 ' (Based on calculated sieve wt.)
20 0.85 0.70 1.24 49.54 . 897.56
= 40 0.425 0.44 168 4910 96.70
&0 0.250 0.17 1.85 48.93 96.36
140 0.106 0.40 2.25 48.53 895.57
200 0.075 0.68 2.93 47 85 9423
dry pan 0.64 3.57 47.21
wet pan 47.21 0.00

d, (mm): 0.0010 dgp (). 0.014

t1s (mM): 0.0024 dgo (mm): 0.020

e (MmM): 0.0071 dgs (mm): 0.037

Median Particle Diamater—ds, (mm): 0.014  |Kote: Reported vaiues for die, Cu.

Uniformity Coefficient, Cu—{deo/de] (mm): 20 C., and soil classification are
Coefficient of Gurvature, Gc --{(dm)zl(dw*dm)] {mm): 2.5 esﬁrr_tat:s, sinoa_ axﬂ:mzola;i_un wtas
Mean Particle Diameter-4(d,g+dsy*daa/3] (mm): 0.018 required to obtain the & AT

Classification of fines (visual method). ML

ASTM Soil Classification: Silt
USDA Soif Classification: Silt Loam

Laboratory analysis by: D. O'Dowd
p— Data enterad by: D. O'Dowc
Checked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Job Number: WR03.0014.00 Raaction with H,05: None
Sample Number: MW-15 (38.5-39.%) Dispersant: (NaPQ,),
Ring Number: NA Measured particla density: 2.75
Depth: NA Initial WA (Q): 50.24
Test Date: 31-Jan-03 Total Sampis WL (g): 746.94
Start Time: B:48 WY Passing #10 (§): 739.03
Time Temp R R, Reorr L o =}
" Date (min) (°C) {g/L) (g/L) {g/L) (em) (mm) (%) % Finer
4-Feb-03 1 21.0 500 6.5 43.5 8.1 0.03722 84.9 84.0
2 21.0 46.0 6.9 38.5 88 0.02736 771 76.2
5 210 36.5 8.5 30.0 10.3 0.01878 58.5 579
10 21.0 32.0 6.5 25.5 1.1 0.01375 49.7 49.2
— 20 21.0 27.0 6.5 20.5 1.9 0.01008 40.0 39.6
60 21.0 20.0 6.5 13,5 13.0 0.00609 26.3 26.1
120 21.0 18.0 6.0 12.0 13.3 0.00436 234 23.2
240 21.0 155 6.0 9.5 13.8 0.00313 18.5 18.3
480 21.0 14.0 6.0 8.0 14.0 0.00223 15.6 15.4
5-Fab-03 1440 21.0 12.0 6.0 6.0 14.3 0.00130 1.7 116
Commaents:

Laboratory analysis by: D. O'Dowd
Data enterad by: D. O'Dawd
Checked by: D. O'Dowd
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since extrapclation was required to obtain the dy, diameter
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Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Wet Sieve Data (#10 Split)

Job Name: Shaw Environmental

Job Number- WR03.0011.00

Sample Number: MW-16 (13.5-14.5)
Ring Number. NA
Dapth: NA

Test Date; 28-Jan-03

initial Dry Weight of Sample (g). 669.90

Waeight Passing #10 (g): 668.38
Weaight Retained #10 (g): 0.52
Weight of Hydrometer Sample (g): 50.40
Calculated Weight of Sleve Sample (g): 50.44

Test Sieve Diameter Wit Cum Wt W
Fraction Number (mm) Retained Retained Passing % Passing
+10
3" 75 0.00 0.00 669.90 100.00
1.5" 381 0.00 0.00 669.90 100.00
M4 19.0 0.00 0.00 £565.90 100.00
3/8" 9.5 0.00 0.00 669.90 100.00
4 4.75 0.00 0.00 669,90 100.00
10 2.00 0.52 0.52 669.38 99.92
-10 (Based on calculated sieve wt.)
— 20 0.85 0.79 0.83 49.61 98.36
40 0.425 324 4.07 46,37 91.93
&0 0.250 2.97 7.04 43.40 86.04 -
140 0.106 6.63 13.57 36.77 72.90
200 0.076 4.54 18.51 31.93 63.30
dry pan 1.90 20.41 30.03
wat pan 30.03 6.00
dyp {mm): 3.3E-05 dso (mm}: 0.049
dyg (Mm); 0.00096 dgo (MM 0.068
dg (MM): 0.016 das (MM} 0.22

ASTM Soil Classification: Sandy lean clay

Meadian Particle Diameter —dg (mm);
Uniformity Coefficient, Cu—{dgo/d1o] (mm):
Coefficient of Curvature, Cc —{{tso) /{diwo*deo)l {mm):

Mean Particle Diameter —[{dg+dsatdas)/3] (Mm).

0.049  Ngte: Reported values for dig, C,

2061 |G, and soil cassification are

114 agfimates, since extrapolation was
required to obtain the d,g diameter

0080 =2 0

Classification of fines: CL

LSDA Soil Classification; Loam

Laboratory analysis by: D. Q'Dowd

Data entered by: D. O'Dowd

Chacked hy: D. O'Dlowd
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Daniel B, Stephens & Associates, Inc.

Particle Size Analysis

Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Job Number: WR03.0011.00 Reaction with Ho0,: Moderate
Sample Number; MW-16 (13.5-14.5) Dispersant: (NaPQ;)s
Ring Number: NA Measured particle density: 2.75
th:
Depth: NA Initial WE. (g): 50.40
Tast Data: 30-Jan-03 Total Sample WI. (g): 669.90
Start Time: 8:06 ‘ Wt Passing #10 (g): 669.38
Time Temp R R, Rear L D P
Date {min) (cy i) _ (g} (L) {erm) {mrn) (%) % Finer
6-Feb-03 1 21.0 30.0 6.0 24.0 11.4 0.04410 46.7 45.8
2 21.0 268.0 6.0 20.0 12.0 0.03207 385 3g.9
5 21.0 23.0 6.0 170 12.5 0.02069 331 33.0
10 21.0 21.0 6.0 15.0 12.8 {1,01482 29.2 291
20 21.0 10.5 6.0 13.5 13.1 0.01058 26.3 26.2
— 60 21.0 18.0 6.0 12.0 13.3 0.00817 23.3 23.3
120 21.0 17.0 6.0 11.0 13.5 0.00439 214 21.4
240 21.0 16.0 6.0 10.0 13.7 0.00312 16.4 16.4
480 21.0 15.0 6.0 8.0 13.8 0.00222 17.5 17.5
7-Feh-03 1440 21.0 14.5 6.0 8.5 13.9 0.00129 16.5 16.5
Comments!
Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by; D. O'Dowd
p
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Note: Reported values for dy, Gy, G, and ASTM ciassificafion are estimates,
since exirapolation was required to obtain the d,, diameter

Daniel B, Stephens & Associafes, Inc.




Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Wet Sieve Data {(#10 Split)
Job Name! Shaw Enviioniisnia iriaai Gry Weighi of Sample (gj: 1+83.17
Job Number: WR03.0011.00 Waight Passing #10 (g): 1262.73
Sample Number: MW-16 (23.5-24.5) Weight Retained #10 (g): 200.44
Ring Number: NA Waight of Hydrometar Sampie (g): 50.39
Depth: NA Calculatad Waight of Sieve Sampla (g): 58.39

Tast Date: 28-Jan-03

Test Sieve Diameter W, Cum Wi, Wi,
Fraction Number (mm) Retained Retained Passing % Passing
+10
K 75 0.00 0.00 1463.17 100.00
1.5" 38.1 0.00 0.00 1463,17 100.00
3/4" 18.0 Q.00 0.00 1463.17 100.00
38" 85 10.23 10.23 1452 .84 99.30
4 4,75 41.30 51.53 1411.64 96.48
10 2.00 148.1 200.44 1262.73 86.30
-10 {Based on calculated sieve wt.)
‘ 20 0.85 11.88 19.88 3B.51 5595
— 40 0.425 16.33 36.29 22,18 37.99
60 0.250 7.84 44.05 14.34 24.56
140 0.108 7.13 51.18 7.21 12.35
200 0.075 1.62 52.80 5.59 9,57
dry pan - 0.38 53.16 523
wet pan 5.23 0.00
die{mm). 0.079 dge (mm). 0.57
dya(mm): 0.14 deo (MmMY: 0.73
tag (MM 0.31 day (M) 1.8

Median Particle Diameter —dgy (mm). 0.57
Uniformity Coefficient, Cu —[deo/diel (mm); 8.2
Coefficient of Curvature, Ce-{(dso)*/(dso*deo)] (MM): 1.7
Mean Particle Diameter--{(dg+dsy+das)/3] (mm). 0.84

Classification of fines (visual method): ML

ASTM Soil Classification: Well-graded sand with sitt
USDA Soif Classification: Loamy Sand

Laboratory analysis by: D. O'Dowd
po— Data entered by: D. O'Dowd
Checked by: D. O'Dowt!
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Dawiel B. Stephens & Associates, Inc.

Particle Size Analysis

Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Job Number: WR03.0011.00 Reaction with H;02: None
Sample Number: MW-16 (23.5-24.5) Dispersant; (NaPO;)g
Ring Number: NA Measured particle density: 2.64
th: NA
Dep Initial W, (g); 50.39
Test Date: 30-Jan-03 Total Sampie W, (g), 1463.17
Start Time: 8:36 WY Passing #10 (g); 1282.73
Time Temp R Ry Reor L D P
Date (min) (°C) {g/l) _(gn) (g/L) {cm) {mm) (%) % Finer
&-Feb-03 1 21.0 10.0 6.0 40 14.7 0.05167 7.9 6.9
2 21.0 8.0 6.0 30 14.8 0.03674 6.0 51
5 21.0 8.5 6.0 25 14.9 0.02330 5.0 4.3
10 21.0 8.0 6.0 2.0 15.0 0.01652 4.0 3.4
e’ 20 21.0 8.0 6.0 2.0 15.0 0.01168 4.0 34
60 21.0 7.5 6.0 1.5 15.1 0.00676 3.0 26
120 21.0 7.5 6.0 15 156.1 0.00478 3.0 26
240 21.0 7.5 6.0 1.6 15.1 0.00338 3.0 26
480 21.0 7.0 6.0 1.0 15.2 0.00240 20 1.7
7-Feb-03 1440 21.0 6.5 6.0 0.5 162 0.00139 1.0 08
Commaents:

Laboratory analysis by: D. O'Dowd
Data emterad by: D. O'Dowd
Checked by: . O'Dowd
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Daniel B. Stephens & Associafes, Inc.

Particle Size Analysis
Wet Sieve Data (#10 Split)

Job Name: Shaw Environmental

Job Number: WR03.0011.00

Sample Number: MW-16 (28.5-29.5)
Ring Number: NA
Depth: NA

Test Date: 28-Jan-03

{nitial Dry Weight of Sample (q). 959.86

Waight Passing #10 (g). 959.86
Waeight Retained #10 (g): 0.00
Weight of Hydrometer Sample (g): 50.95
Calculated Waight of Sieve Sample (g). 50.95

Test Sicve Diameter Wt Cum Wt Wt
Fraction Number {mm) Retained Retained Passing % Passing
+10
3 75 0.00 0.00 959.86 100.00
1.8" 381 0.00 0.00 959.86 100.00
34" 18.0 0.00 0.00 0959.86 100.00
3/8" 9.5 0.00 0.00 959.86 100.00
4 4.75 0.00 0.00 959.86 100.00
10 2.00 0.00 0.00 959.86 100.00
-10 (Based on calculated sieve wt )
T""‘ 20 0.85 0.04 0.04 50.41 09.92
g 40 0.425 0.31 0.35 50.60 99,31
80 0.250 1.49 1.84 49.11 96.39
140 0.106 553 7.47 43.48 85.34
200 0.075 2.68 10.15 40.80 80.08
dry pan 0.86 11.01 39.94
wet pan 39.94 0.00
dqp {mm): 0.00033 dag (Mm): 0.015
dsg (MM): 0.0010 dea (mm): 0.027
dyp (Mim): 0.0043 dgs (Mmm): 0.087
Maedian Particle Diametar —dz (mm) 0.015 Note. Reparted values fof Gig, Cus
tniformity Coefficient, Cu —{ded/d+el (mmy): 82 C., and soil classification are
Coefficient of Curvaturs, Ce-{(dso)H{din* D] (M), 2.1 eslimates, since.' extrapolation was
Mear Particle Dismeter—{(dg+dsq* dea)/3] (MM): 0.038 required to obtain the dyo dlameter
Classification of fines: CL
ASTM Soil Classification: Lean clay with sand
USDA Sail Classification: Silt Loam
~—— Laboratory analysis by: D. O'Dowd

Data entered by: D, Q'Dowd

Checked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Particle Size Analysis
Woet Sieve Data (#10 Split)

Job Name: Shaw Environmentat initiai Dry Weight of Sampla (g): 902.60
Job Number: WR03.0011.00 Weight Passing #10 {g): 902.23
Sample Number: MW-16 (38.5-39.5) Waight Retained #10 (g): 0.37
Ring Number: NA Waight of Hydrometer Sample (g): 50.74
Depth: NA Calculated Weight of Sieve Sample (g): 50.76

Test Date; 28-Jan-03

Test Sievea Diamater wh Cum Wi, Wt

Fraction Number (mm) Retatned Retained Passing % Passing
+10
3" 75 0.00 0.00 902.60 100.00
1.5" a8 .00 .00 a02.60 100.00
.3 19.0 0.00 0.00 Q202.60 100.00
a/8" 9.5 0.00 0.00 902.60 100.00
4 475 0.00 0.00 902.60 100.00
10 2.00 0.37 0.37 902.23 9996
=10 (Based on calculated sieve wi)
20 0.85 0.01 0.03 50.73 99.94
— 40 (0,425 0.02 0.05 50.71 99,80
G0 0.250 0.03 0.08 50.68 99.84
140 0.106 1.19 127 49.49 97.50
200 0.075 344 4,71 46.05 90.72
dry pan 429 9.00 41.76
wet pan 41.76 0.00
dyp (mm): 0.0040 dgg (mm): 0.027
dye (Mmm): 0.0080 dgy {mrm): 0.033
dap (MmM): 0.016 dgq (mm): 0,062

Madian Particle Diameter—ds (mm): 0.027
Uniformity Coefficient, Cu~{dai/ds] (mm). 8.3
Coefficiont of Curvature, Cc—{(tsx) Hdso*daa)] (mm): 1.9
Moan Particle Diameter —{(dg+dse*das)/3) (MM). 0.032

Classification of fines (visual mathod). ML

ASTM Soil Classification: Silt
USDA Soil Classification; Sitt Loam

Lahoratory analysis by: D. O'Dowd

—~— Data enterad by: D. O'Dowd
Checked by: D. O'Dowd
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Daniel B, Stephens & Associates, Inc.

Particle Size Analysis
Hydrometer Data
Job Name: Shaw Environmental Type of Water Used: DISTILLED
Job Number: WR03.0011.Q0 Reaction with H,0,: Weak
Sample Number: MW-16 (38.5-39.5) Dispersant: (NaPO;)g
Ring Numbear: NA Measured patticle dansity: 2.74
Deapth: NA Initial WA, (g): 50.74
Test Date: 30-Jan-03 Total Sample WL (g): 902.60
Start Time: 8:24 WA. Passing #10 (g). 902.23
Time Temp R R, Reor L D P
Date (min) (°C) {g/L) {o/L) {g/L) {cm) {(rmm) {%) % Finer
6-Fab-03 1 21.0 42.0 6.0 36.0 94 0.04025 69.5 69.5
2 21.0 35.0 6.0 29.0 10.6 0.03015 56.0 56.0
5 21.0 255 6.0 19.5 121 0.02043 T 3786
10 21.0 200 6.0 14.0 13.0 0.01497 27.0 27.0
St 20 21.0 16.0 6.0 10.0 13.7 0.01085 19.3 143
60 210 13.0 6.0 7.0 14.2 £.00638 13.5 13.5
120 210 12.0 6.0 6.0 14.3 0.00453 11.8 116
240 21.0 1G.0 6.0 4.0 14,7 0.00324 7.7 7.7
480 21,0 9.5 6.0 3.5 14.7 0.00230 6.8 6.8
7-Feb-03 1440 21.0 9.0 6.0 3.0 14.8 0.00133 5.8 L
Comments:

Labaratory analysis by: D. O'Dowd
Data enterad by: D. O'Dowd
Checked by: D. Q'Dowd
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SAMPLE NUMBER DESTH ASTM CLASSIFICATION USI'A CLASSIFICATION
MW-16 (38.5-39.5) NA Silt Siit Loam

Daniel B. Stephens & Associafes, Inc.




Daniel B. Stephens & Associaites, Inc.

Summary of Particle Density Tests

Particle Density

Sample Number (glcma)
MW-12 (13.5-14.5) 2.77
MW-12 (21.22) | 2.65
MW-12 (31.32) 2.66
MW-12 (46-47) 2.74
MW-15 (13.5-14.5) 277
MW-15 (23.5-24.5) 2.66
MW-15 (28.5-29.5) 2.78
N
MW-15 (38.5-39.5) 2.75
MW-16 (13.5-14.5) 275
MW-16 (23.5-24.5) 2.64
MW-16 (28.5-29.5) 2.74
MW-16 (38.5-39.5) 274
-

LEU 002363



Daniel B. Stephens & Associates, Inc.

Particle Density

Jnb Blopes Bheor Bayirgn sl
Job Number: WR03.0011.00
Sample Number: MW-12 (13.5-14.5}
Ring Number: NA
Dapth: NA

Tost Data: 18-Feb-03

Trial 1

Weight of pycnometer filled w/air {(g): 099,95

Weight of pycnomeler filled w/soil (g):  151.72

Waight of pycnomater filled w/soil & water (g): 381.83
Weight of pycnometer filled wiwaler (3):  348.67

Observed temperature (°C);  29.00
Density of water at observed temperature (g/em®);  0.9960

Particle Density (g/cm’): 277
Corraction factor, K 0.9978

Particle Density at 20°C (glem®): 2.78

Mo’
Trial 2
Weight of pycnometer filfed w/air (). 95.48
Weight of pycnometer filed w/soil (g).  147.20
Waight of pycriometer fited w/soil & water (g): 377.20
Weight of pycnometer filled w/waler (g):  344.20
Observed temperatura ("C). 29.00
Denstty of water at obsarved temperature (g/cm’):  0.9960
Particle Density (gicm®): 2.75
Corraction factor, K:  0.9978
Particle Density at 20°C (g/em’): 2.76
Avarage Particle Density (g/lem’): 2.7
Comments!
Laboratory analysis by D. O'Dowd
~— Data entered by: D, Q'Dowd
Checked by: D, O'Dowd

LEU 002364



"~ Daniel B, Stephens & Associates, Inc.

Particle Density

Job Name: Shaw Enviranmental
Job Number: WR03.0011,00
Sample Number: MW-12 (21-22)
Ring Number: NA
Dapth: NA

Test Date: 13-Feb-03

Trial 1

Waeight of pycnometer filled w/air (g):  85.79

Weight of pycrnometer filled w/soil (g):  136.45

Weight of pycnometer filled w/soil & water (g):  366.27
Weight of pycnometer filled wiwater (g).  334.69

Observed temperature {*C).  27.00
Density of water at observed femperature (glem®):  0.9965

Particle Density (glem™): 2.65
Correction factor, K:  0.9983

— Particle Dansity at 20°C (g/lcm®): 265

Trial 2

Weight of pycrniometer filfed w/air (g): 88.49

Waight of pycnomater filled w/soll (g):  140.24

Waight of pycnometer filled w/soil & water (g):  363.60
Weight of pycnomaeter filled wivater (g):  337.28

Observed temperature (°C);  27.00
Density of water at observed temperature (g/cm’):  0.8965

Particle Density (g/cm®);  2.65
Corroction factor, K:  0.9983

Particle Density at 20°C (g/cm®): 2.66

Average Particie Density (gilcm’): 2.65

Comments:

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd

LEU 002365



Daniel B. Stephens & Associates, Inc.

Particle Density

Job Nema: Shaw Environmenta!
Jab Number: WR03.0011.00
Sample Number: MW-12 (31-32)
Ring Number: NA
Depth: NA

Tast Date: 13-Feb-03

Trial1

Weight of pycnometer filled w/air (g):  86.92

Waeight of pycnometer filled w/soil (g):  137.07

Waight of pycnometer filled w/soll & water (g). 366.79
Weight of pycnometer filled wiwater (g)’ 33478

Observed temperature ("C).  27.00
Density of water at observed temperature (alem®):  0.9965

Particle Density (g/lem®): 2.66
Correction factor. K:  0.9983

Particle Density at 20°C (glem®): 267

R
Trial 2
Weaight of pycnometer filled w/air (g). 85.32
Waight of pycnometer filled w/soil {g); 136.49
Waeight of pycnometer filled w/soil & water (g): 366.14
Waeight of pycnometer filled w/water (3): 334.149
Observed temperature ("C):  27.00
Density of water at observed temperature (giem®:  0.9965
Particle Density (glem®): 2.65
Correction factor, K, 0.9983
Particle Density at 20°C (giem®);  2.66
Average Particle Density (gicm’): 2.66
Commaents:
Laboratory analysis by: D. O'Dowd
— Data entered by: D. O'Dowd

Checked by: D. O'Dowd

LEU 002366



Daniel B. Stephens & Associates, Inc.

Particle Density

Job Name: Shaw Environmental
Job Number: WR03.0011.00
Sample Number: MW-12 (46-47)
Ring Number: NA
Dapth: NA

Tast Date: 19-Feb-03

Tral 1

Weight of pycnometer filled w/air (g):  85.80

Waight of pycnomeler filled w/soif (g). 137.61

Weight of pycnometer filled w/soll & water (g).  367.55
Weight of pycnomater filled w/ivater (9);  334.60

Observed temperature (°C).  28.50
Density of water at observed temperature (g/cm’):  0.9961

Particle Density (gicm®): 2.74
Correction factor, K 0.9879

N Particle Density at 20°C (g/em®):  2.74

Trial 2

Waeight of pycnometer filled w/air (g):  83.49

Weight of pycnometer filled w/soil (g);  138.32

Waight of pycnomeler filled w/soil & waler (g):  369.44
Weight of pycnomater filled wiwater (g);  337.18

Obsearved ternparature (°C): 2850
Density of water at observed temperature (g/cm’):  0.9961

Particle Density (glcm’): 2.73
Correction factor, K 0,9979

Particie Density at 20°C (glom®): 2,73

Average Particle Density (g/cm’): 2.74

Comrnents:

— Laboratory analysis by: D, O'Dowd
Data entered by: D. O'Dowd
Chacked by; D. O'Dowd

LEU 002367



Daniel B. Stephens & Assoclates, Inc.

Particle Density

Joh Name: Shaw Erviropmontal
Joh Number: WR03.0011.00
Sample Number: MW-15 (13.5-14.5)
Ring Numbsr NA
Dapth: NA

© Test Date: 19-Feb-03

Trial 1

Weight of pycnometer filled w/air (g):  99.95

Weight of pycnometer filled w/soil (g):  151.40

Weight of pycnometer filled w/soil & water (g):  381.59
Weight of pycnometer filled wivater (g):  348.70

Observed temperature ("C): 28,50
Density of water af observed temperature (g/lem’):  0.9961

Particle Densily (g/cm®); 2.76
Correction factor, K:  (.9979

Particle Density at 20°C (g/cm®): 2.77

R
Trial 2
Waight of pycnometer filled w/air (g):  85.78
Waight of pycnomelor filled w/soil (g):  146.89
Waeight of pycrnometer filled w/soil & water (g): 377.18
Weight of pycnometer fillod w/water (g);  344.38
Observed temperature (“C). 2850
Density of water at observed temperature (glem?):  0.9961
Particle Dansity {gfcm’): 2.77
Correction factor, K:  0.9979
Particle Dansity at 20°C (glem®): 2.78
Average Particle Density (glem’): 2.77
Comments:
Laboratory analysis by: D. Q'Dowd
‘ Data entered by: D. O'Dowd
- Checked by: D. O'Dowd



Daniel B, Stephens & Associates, Inc.

Particle Density

Job Name; Shaw Environmental
" Job Number: WR03.0011.00
Sample Number: MW-15 {23.5-24.5)
Ring Number: NA
Depth: NA

Test Date: 13.Feb-03

Trial 1

Weight of pycnometer filled w/air {(g):  85.80

Waight of pycnometer filled w/soil (g): 138.72

Weight of pycnomeler filled w/soil & water {9).  367.57
Waight of pycnomefer filled wiwater (g); 334.33

Observed temperature ("C).  29.50
Density of water at observed temperature (glcm®):  0.8958

Particle Density (glem®): 2.65
Corraction factor, K:  0.9976

R Particle Density at 20°C (g/emn’): 2.66

Trial 2

Weight of pycnometer filled w/air (9):  88.49

Whaight of pycriometer filled w/soil (g):  141.24

Waight of pycnometer filled w/soil & waler (g). 370.03
Weight of pycnometer filled wivater (g).  337.11

Qbsarved temperature (°C). 29.50
Density of water at observed temperature (g/lcm’).  0.9958

Particle Density (g/cm’); 2.65
Correction factor, K:  0.9976

Particle Density at 20°C (g/cm®): 2.66

Average Particia Density (glem’): 2.66

Comments:

~— Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd

LEU 002369



Daniel B. Stephens & Azsoclates, Inc.

Particle Density

Joh Name: Shaw Environmental

Job Number: WR03.0011.00
Sample Number: MW-15 (28.5-29.5)
Ring Number: NA
Dapth: NA

Tast Date: 13-Feb-03

Trial 1
Waeight of pycnometer filled w/air (g):  95.49
Weight of pycnometer filled w/soil (g):  146.41
Woeight of pycnometer filled w/soil & water () 376.80
Weight of pycnometer filled wiwater (9): 344 32
Observed tamparature ("C):  27.00
Density of water at observed temperature (glem’);  0.9965
Particle Density {g/cm”): 2,75
Correction factor, K:  0.9983
Particle Density at 20°C (glem®): 2.76
s’
Trial 2
Weight of pycnometer filled w/air (g):  95.78
Weight of pycnometer filled wrsoil (g): 146.84
Waight of pycnometer filled w/soil & water (g). 377.34
Waight of pycnometer filled w/water (g). 344.48
Observed temperature ("C). 27.00
Density of water at observed temperature (g/cm’);  0.9965
Particle Density (gfora®): 2.80
Corraction factor, K:  0.9983
Particle Density af 20°C (g/ent’): 2.80
Average Particle Density (gicm®): 2.78
Comments:

Laboratory analysis by: D. Q'Dowd

Data entared by: D. O'Dowd

S Checked by: D. O'Dowd

LEU 002370



Daniel B. Stephens & Associafes, Inc.

Particle Density

Job Mame: Shaw Environmental
Job Number: WR(03.0011.00
Sample Number. MW-15 (38,5-38.5)
Ring Number: RA
Depth: NA

Test Date: 13-Feb-03

Trial 1

wWeight of pycnometer filled w/air (g): 92.45

Weight of pycnometer filled w/soil (g):  143.96

Waight of pycriometer filled w/soil & water (g):  373.76
Weight of pycnometer filled w/water (g).  340.98

Ohserved femperature (°C): 27.00
Density of water at observed temperature (g/lem®):  0.9965

Particle Density (glcm®): 2.74
Correction factor, K:  0.9983

— Particle Density at 20°C (g/cm®): 2.74

Trial 2

Weight of pycnometar filled w/air (g):  99.95

Weight of pycnometer filled w/soil {g):  151.77

Wheight of pycnometer filled wisoil & water (g);  381.79
Weight of pycnomefler filled wAvater (g): 348.78

Observed temperature (°C):  27.00
Deansity of water at observed temperature (glcms'): 0.99656

Particte Density (gfcm’): 2.75
Comeclion factor, K:  0.9983

Farticle Density at 20°C (g/em®): 2.75

Average Particle Density (glcm®): 275

Comments:

Laboratory analysis by: D, O'Dowd
— Data enterad by: D. O'Dowd
Checked by: D. O'Dowd

LEU 002371



Dariel B. Stephens & Associates, Inc.

Particle Density

Job Namea: Shaw Ervimnmartal
Job Number: WR03.0011.00
Sampie Number: MW-18 (13.5-14.5)
Ring Number. NA
Depth: NA

Test Date: 19-Feb-03

Trial 1
Weight of pycnometer filled w/air (g):  85.93
Weight of pycnometer filled w/soil (g).  136.55
Waight of pycnometer filled w/soi & waler (g).  367.00
Waight of pycriomaeter fillad wiwater (g);  334.68
Observed temperature ("C):  28.50
Density of water at observed tempersature (glcm®);  0.9961
Particle Density (glem®): 276
Corraection factor. K: 0.9979
Particle Density at 20°C {g/cm®): 2.76
N
Trdal 2
Waight of pycnometer filled w/air {Q): 92.44
Weight of pycnometer filled w/soil (g);  143.77
Weight of pycnometer filled w/soll & water (g): 373.65
Weight of pycnometer filled wAvater (g):  341.05
Obsservad ternperature (°C):; 28.50
Density of water at observed temperature (gicm’):  0.9961
Particle Density (g/em’): 2.73
Correction factor, K:  0.98979
Particle Density at 20°C (gicm®): 274
Average Particle Density (gfcm’): 2.75
Comments:
Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
p— © Checked by: D. O'Dowd

LEU 002372



Daniel B. Stephens & Associates, Inc.

Particlte Density

Job Name: Shaw Environmental
Job Number: WR03.0011.00
Sample Number: MW-16 (23.5-24.5)
Rirng Number: NA
Depth: NA

Test Date: 17-Feb-03

Trial 1

Weight of pycnomater filled w/air (3):  85.79

Waight of pycnometer filled wisoil (g):  136.87
Waight of pycnometer filled w/soil & water (q):  366.34
Weight of pycnometer filled wivater (g). 33457

Observed temperature (°C); 29.00
Density of water at observed temperature (g/cm®);  0.9960

Farticie Density (glem®); 263
Correction factor, K:  0,9978

— Particle Dansity af 20°C {(glcm®); 264

Trial 2

Weight of pycnometor filled w/air (4): 88.47
Waight of pyenometer filled w/zoil (g): 139,90

Waignt of pycnometer filled w/soil & water (g):  369.13
Weight of pycnometer filled w/ivater (g):  337.14

Observed tamperature (°C):  20.00
Density of water at observed temperatura (glom®):  0.9960

Particle Density (gicm®): 2.64
Correction factor, K:  0.9978

Particle Density at 20°C (glem®): 2.64

Average Particle Density (gicm’): 2.64

Comments:

Laboratory analysis by: D. O'Dowd
- Data enterad by: D, O'Dowd
Checked by: D. O'Dowd

LEU 002373
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Daniel B. Stephens & Associates, Ine.

Particle Density

Joh Mame: Shaw Environmental
Job Nurnber: WR03.0011.00
Sample Number. MW-16 (28.5-29.5)
Ring Number: NA
Depth: NA

Test Date: 17-Fep-03

Trial 1

Weight of pycnometer filled w/air ().  85.92

Waight of pycnometer filled w/soil (g):  136.35

Waeight of pycnometer filled w/soil & water (g).  366.62
Weight of pycnometer filled w/waler (g). 334.64

Observad temperature (°C). 29.00
Density of water at observed temperature (g/cm®);  0.9960

Farticle Density (g/lcm®): 272
Comection factor, ;.  0.9978

Particle Density at 20°C (g/cm®): 2.73

Trial 2

Weight of pycnometer filled w/air (g):  92.43

Waight of pycnometer filled w/soil (g):  142.75

Weight of pycnomeler filed w/soil & water (g).  373.01
Waight of pycnometer filled wiwater (g).  341.01

Observed temparature (*C):  29.00
Density of water at observed temperature (gicm®);  0.9960

Psrticle Density (g/em’): 2.74
Correction factor, K: 0.9878

Particle Dansty at 20°C (glem®): 2.74

Average Particle Density (glcm®); 274

Commaents:

Laboratory analysis by: D. O'Dowd
S’ Data enterad by: D. O'Dowd
Chaeckad by: D. O'Dowd

LEU 002375



Daniel B, Stephens & Associates, Ing,

Particle Density

Job Name: Shaw Environmental
Job Number: WR03.0011.00
Sampla Number: MW-16 (38,5-39.5)
Ring Number: NA
Depth: NA

Test Date: 17-Feb-03

Trial 1

Weight of pycnometer filled w/air (g):  99.95

Waight of pycnometer filled w/soil (g): 150.48

Weight of pycnomaeter fitled w/sail & water (g):  380.71
Weight of pycnometer filled wivater (g): 348.67

Observed temperatura (°C):  29.00
Density of water at observed termperature (gfcm"‘): 0.9960

Particle Density (g/cm®): 2.72
Correction factor, K:  0.9978

— Particle Density at 20°C (g/cm®): 2.73

Trial 2

Waight of pycnometer filled w/air (g):  95.48

Waeight of pycnometer filled w/soil (g);  145.91

Waight of pycnometer filled w/soil & water (g).  376.30
Weight of pycnometer filled wiwaler (g). 34420

Observed ternperature {°C): 29.00
Density of water at observed temperature {(g/cm®): 0.9960

Particle Density (glem’): 2.74
Correction factor, K:  0.9978

Particle Density at 20°C (gfem’): 274

Average Particle Dansity (glcm’): 2.74

Comments:

—_ Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd

LEU 002376



Daniel B. Stephens & Associates, Inc.

Summary of Atterberg Tests
Sampie Number Liggiad Limiy Fiagic Limid  Fiasucity index Classirication
MW-12 (13.5-14.5) 274 23.2 4.2 ML
MW-12 (46-47) 32.4 26.7 5.7 ML
MW-15 (13.5-14.5) 21.4 19.2 22 ML
MW-15 (28.5-29.5) -— — — ML
MW-15 (38.5-39.5) 35.9 —— — ML
MW-16 (13.5-14.5) 29.5 21.6 7.9 CL
MW-16 (23.5-24.5) -— e -— ML
MW-16 (28.5-29.5) 37.5 23.9 13.6 cL
MW-16 (38.5-39.5) -— o —_ ML
S
— = Soil requires visual-manual classification due to non-plasticity
~—

LEU 002377



| Daniel B. Stephens & Associates, Inc.

Atterberg Limits

Job Name: Shaw Environmental
Job Number: WR03.0011.00
Sample Number. MWW-12 (13.5-14.5)
" Ring Number: NA
Depth: NA

Tast Dafe: 24-Feb-03

Liguld Limit

Trial 1 Trial 2 Trial 3

Number of drops: 34 27 18
Pan number; LL2 LL3 LL1
Waeight of pan plus moist soil {g):  129.95 130.18 132.48
Weight of pan plus dry soil {(g)  126.74 126.90 128,72
Weight of pan (g): 114.87 114.53 115,11
Gravimelnic moisture content (% g/q): 27.10 27.38 27.59

Liquid Limit: 27.37

S - .
Plastic Limit
Trial 1 Trial 2
Pan number: PL1 PL3
Weight of pan plus moist soil {g): 12257 122 42
Weight of pan plus dry soif (g)  121.11 121.01
Weight of pan (g): 11475 114,93
Gravimatric moisture eontent (% g/q): 23.03 23.30
Plastic Limit: 2317
Resuits ~
Liguid Limit: 27,37
Plastic Limit; 2317
Flasticity index: 4.20
Classification: ML
Comrments:
— = Soil réquires visual-manual classification due to non-plasticity
ot

Laboratory analysis by: D. O'Dowd
Data entered hy: D. O'Dowd
Checked by: D, O'Dowd

LEU 002378



Daniel B. Stephens & Associates, Inc.

Atterberg Limits

Job Name: Shaw Environmerital
Job Number, WRO3.0011.00
Sample Number: MW-12 (46-4T7)
Ring Number: NA
Dapth: NA

Test Date: 24-Feb-03

Liquid Limit

Trial 4 Trial 2 Trial 3

Nurnber of drops: 32 24 16
FPan number: LL1 LL2 LL3
Weight of pan plus moist soil (g):  134.11 131.19 132.63
Weight of pan plus dry soil (g)  129.23 126.87 128.20
Weight of pan {g): 113.69 113.66 115.04
Gravimetrie moisture content (% g/); 3145 3271 3371

Liquid Limit; 3237

S Plastic Limit

Trial 1 Trial 2

Pan numbar: PLA1 PL2
Weight of pan plus moist soil (g):  122.07 118.90
Waight of pan plus dry soil (g} 12061 117,66
Weight of pan (g):  115.14 113.03
Gravimetric moisture conlent (% g/g): 26.79 268.63

Flastic Limit; 2671

Results

Liguid Limit: 3237
Flastic Limit: 26.71
Plastkcity Indax: 5.66

Classification: ML

Comments:

- = Soil requires visuat-manual classification due to non-plasticity

S Laboratory analysis by D. O'Dowd
Data entered by: D. O'Dowd
Checked by: D. O'Dowd

LEU 002379



Daniel B. Stephens & Associares, Inc.

Atterberg Limits

Job Name: Shaw Environmantal
Job Number: WR0O3.0011.00
Sample Number: MW-15 (13.5-14.5)
Ring Number: NA
Depth: NA

Test Dafa: 24-Feb-03

Liguic Limit

Trial 4 Trial 2 Trial 3

Number of drops: 33 26 18
Pan number; LL1 LL2 LL3
Weight of pan plus moist soif (g): 138.16 131.66 133.03
Weight of pan plus dry soif (g)  134.58 128.72 129.38
Waeight of pan (g): 117.36 114,75 113.03
Gravimetric moisture content (% g/g): 20.77 21.04 22.26

Liquid Limit: 21.40

~— Plastic Limit
Trial 1 Triai 2
Fat number: PLt PL2
Weaight of pan plus moist soif (¢):  122.64 122.73
Weight of pan plus dry soil (g)  121.17 121.47
Weight of pan (g): 113.66 114.93
Gravimetric moisture content (% g/g): 18.11 19.23
Plastic L imi¥: 19.17
Results
Liquid Limit:  21.40
Plastic Limit; 19.17
Flasticity Index: 2.23
Classification: ML
Comments:
— = Soil requires visual-manual classification dus to non-plasticity
N

Laboratory analysis by: D. O'Dowd
Data entered by: D, O'Dowd
Checked by: D. O'Dowd

LEU 002380



Danlel B. Stephens & Assoclates, Inc.

Atterberg Limits

Job Name: Shaw Environmental
Job Numiber, WRC3.0011.60
Sample Number. MW-15 (28.5-29.5)
Ring Number: NA
Daptft: NA

Test Date: 24-Feb-03

Liquid Limit

Trial 1 Trial 2

Trial 3

Number of drops:
Pan number:
Weight of pan plus moist soil (g).
Waight of pan plus dry soil (g)
Waight of pan (g):

Gravimetric moisture content (% g43): - —

Liquid Limit: —-

Plastic Limit

Tral 1 Trial 2

Pan numbear.
Weight of pan plus maist soil (g):
Weight of pan plus dry soil (g)
Waight of pan {g):

Gravimetric moisture content (% g/g): — —

Flastic Limit: -—

Results
Liguid Limit: e
Plastic Limit: -
Plasticity Index. —_

Classification (Visual Msthed): ML

Commeants;

- = Soil requires visualmanual classification due to non-plasticity

— Laboratory analysis by: D. O'Dowd
Data entored by: D. O'Dowd
Chacked by; D. O'Dowd

LEU 002381



Daniel B, Stephens & Associates, Inc.

Atterberg Limits

Job Name: Shaw Environmental
Job Number, WR03.0011.00
Sample Number: MW-15 (38.5-39.5)
Ring Number: NA
Depth: NA

Tast Date: 24-Feb-03

Liguid Limit
Trial 1 Trial 2 Trial 3
Number of drops: 32 26 17
Par numbmat: LL1 LLz LL3
Weight of pan pius moist soil (g).  143.03 136.05 134.86
Waight of pan plus dry soif (g)  135.54 129.61 129.44

Weight of pan (g): 11418 111.57 114.87
Gravimelric moisture content (% g/g). 36.08 36.72 37.24

Liquid Limit: 35.90

p—
Plastic Limit

Trial 1 Trlal 2

Pan number:
Weight of pan plus moist soil {g):
Weight of pan plus dry soif (g)
Weight of pan (g):

Gravimetric moisture content (% a/q): -

Flastic Limit: —_

Results

Liquid Limit: 3580
Plastic Limit: -—
Plasticity Index: -_

Classification (Visual Method): ML

Comments:
— = $oil requires visual-manual classification due to non-plasticity

|
Laboratory analysis by. D. O'Dowd
Datg enfered by: D. O'Dowd
Checked by: D. O'Dowd
LEU 002382



Daniel B. Stephens & Associates, Inc.

Atterberg Limits

Job Name; Shaw Environmental
Job Nurnper: WR03.6011.00
Sample Number: MW-16 (1 3.5-14.9)
Ring Number: NA
Depth: NA

Tast Dale: 24-Feb-03

Liquid Limit

Trial 1 Trlal 2 Trial 3

Number of drops: a5 28 19

Pan number: LL1 LL2 LL3
Weight of pan plus moist soil (Q): 126.05 13818 135.12
Weight of pan plus dry soil (g) 123.34 133.449 130.11
Weight of pan {g):  113.64 117.40 113.69
Gravimetric moisture content (% 9/g): 27.96 29.17 30,53

Liquict Limit; 29.46

“— ‘ Plastic Limit

Trial 1 Trial 2

Pan number: PLA PL2
Weight of pan pius moist soil (g): 118.74 120.76
Waight of pan pius dry soil (@) 1 17.89 119.76
Waight of pan (g):  113.91 115.114
Gravimetric moisture content (% g/g): 21.51 21,69

Plastic Limit: 21.60

Results

Liquid Limit: 29.48
Plastic: Limit: 2160
Plasticity index: 7.86

Classification: CL

Comments:

—- = Soil requires visual-manual classification due to non-plasticity

— Laboratory analysis by: D. O'Dowd
Data entored by: D. O'Dowd
Checked by: D). O'Dowd
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Daniel B. Stephens & Associates, Inc.

Atterberg Limits

Job Name: Shaw Environmentai
Job Number; WR03.0011.00
Sample Number: MW-18 (23.5-24.5)
Ring Number: NA
Dapth: NA

Test Data: 20-Feb-03

Liguid Limit

Trial 1 Trial 2

Trial 3

Number of drops:
Pan numbar:
Waight of pan plus moist soif (g):
Weight of pan plus dry soil (g)
Weight of pan (g):
(Gravimetric mofsture contant (% g/g). e —_

Liquid Limit: -

Plastic Limit

Trial 1 Trial 2

Pan number:
Waight of pan plus moist soil (g):
Waeight of pan pius dry soil {(q)
Weight of pan (g):
Gravimelric moisture content (% 9/g): -— —_

Plastic Limit: —

Reasuits

Liquid Limit; -—
Flastic Limit: —
Plasticity Index: wrm

Classification (Visual Method): ML

Comments:

— = S0il requires vigual-manual classification due to non-plasticity

Laboratory analysis by: D. O'Dowd
Data entsred by: D. O'Dowd
Checked by: D. O'Dowd
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Danicl B. Stephens & Assoclates, Inc,

Atterberg Limits

Joh Name: Shaw Environmental
Job Mombor WR2I20011.062
Sample Number: MW-16 (28.5-28.5)
Ring Number. NA
Depth: NA

Test Date: 28-Feb-03

Liquid Limit

Trial 1 Frial 2 Trial 3

Number of drops: M4 23 17
Pan number; LL% LL2 L3
Waeight of pan plus moist soil (g):  131.38 131.35 138.44
Waight of pan plus dry soil ()  126.98 127.18 131.72
Waeight of pan (g): 114.96 116,07 114.49
Gravimatric moisture content (% g/g): 36.63 37.44 '+ 38,89

Liquid Lirmit: 37.51

Plastic Limit

Trial 1 Trial 2

Pan number. PL2 PL3
Waight of pan plus moist soil (g}  123.67 128.78
Weight of pan plus dry soil (g)  122.01 127.37
Weight of pan (q):  115.04 121.47
Gravimetric moisture content (% g/g):  23.87 23.99

" Plastic Limit: 23.93

Results

Liguid Limit: a7.s
Plastic Limit: 2393
Plasticity Index: 13.58

Classification: CL - 5

Comments:

- = Soil requires visual-manual classification due to non-plasticity

Laboratory analysis by: D. (YDowd
et Data antered by; D. O'Dowd
Checked by: D, O'Dowd
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Daniel B. Stephens & Associates, Inc.

Atterberg Limits

Job Name: Shaw Environmental
Job Nurmnber: WR03.0011.00
Samnple Nurnber: MW-16 (38.5-39.5)
Ring Number: NA
Depth: NA

Test Date: 26-Feb-03

Liguid Limit
Trial 1 Trial 2 Trial 3

Number of drops;
Pan numbet:
Weight of pan plus moist soil (g):
Waight of pan plus dry soil (1)
Weaight of pan (g):

Gravimetric moisture contont (% g/4g); — — —_

Liquid Limit: —

N Plastic Limit

Trial 1 Teial 2

Pan number:
Weight of pan pius moist sail (g).
Weight of pan plus dry soil (g)
Weight of pan (g):
Gravimetric moisture content (% g/g): —_ -

Plastic Limit: amm

Rasults

Ligquid Limit: —
Plastic Limit: -
Plasticity Index: -

Classification (Visual Method). ML

Comments:

- = Soil requires visualmanual classification due to non-plasticity

hd Laboratory analysis by: D. O'Dowd
Data entersed by: D. O'Dowd

Checked by: D. O'Dowd - —

LEU 002386



Daniel B. Stephens & Associates, Inc,

Summary of Fraction Organic Carbon Tests

Fraction Organic

Sample Number Carbon (%)
MW-12 {13.5-14.5) ND
MW-12 (21-22) ND
MW-12(31-32) | 0.14
MW-12 (48-4T) 0.13
MW-15 {13.5-14.5) 0.12
MW-15 (23.5-24.5) 0.14
MW-15 (28.5-29.5) 0.13
MW-15 (38.5-39.5) 0.12
L MW-16 (13.5-14.5) 0.15
MW-16 (23.5-24.5) 012
MW-16 (26,5-29.5) 0.18
MW-16 (38.5-39.5) 0.14
ND-Not detacted at the reporting limit
Analysis provided by Hall Environmental, Albuquerque, NM.
—
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Hall Environmental Analysis Laboratory

Date: 03-Mar-03

CLIENT:

'Daniel B, Stephens & Assoe.

Lab Ovder: 0302172
Project: DBS & A
Lab ID: 0302172-01 Collection Date; 2/27/2003 2:00:00 PM
Client Sample ID: MW-12 (13,5-14.5) Matyix: SOIL

Analyses Result Limit Qual Units DF Date Anatyzed

TOC BY WALKLEY BLACK Analyst: HVA
TOC ND .10 % C 1 212852003

Lab ID: 0302172-02 Collection Date: 2/27/2003 2:00:00 PM

Clent Sample ID: MW-12 (21-22) Matrix: 5011

Analyses Result Limit Qual Units DF Date Analyzed

TOGC BY WALKLEY BLACK Analyst: HVA
TOC ND 0.10 % C A 212812003

Lab ID: 0302172-03 Collection Date: 2/27/2003 2:00:00 PM

Client Sample ID: MW-12 (31-32) Matrix: SOIL

Analyses Rexult Limit Qual Units DE Date Apalyzed

TOC BY WALKLEY BLACK Analyst: HVA
TOC 0.14 610 %C 1 2282003

Lab ID: (302172-04 Collection Date: 2/27/2003 2:00:;00 PM

Client Samaple ID: MW-12 (46-47) Maitrix: SOT.

Analyses Result Limit Qual Units DF Date Analyzed

TOC BY WALKLEY BLACK Analyst: HVA
TOC 0.13 010 % C 1 272852003

Lab Ib: 0302172-05 Collection Date: 2/27/2003 2:00:00 PM

Client Sample I: MW-i5 (13.5-14.5) Matrix: 501L

Analyses Result Limit Qual Units DF Date Analyzed

TOC BY WALKLEY BLACK Analyst; HVA
TOC 012 0.1¢ %G 1 2/28/2003

Lab ID: 0302172-06 Collection Date: 2/27/2003 2:00:00 PM

Client Sample ID: MW-15 (21.5-24.5) Matrix; SOIL

Analyses Result Limit Qual Units DF Date Apalyzed

TOC BY WALKLEY BLACK Analyst: HVA
TOC 0.14 0.10 %G 1 2268/2003

Qualifiers; ND - Not Detected at the Rc-p.'sr.ling Limit ) -S - Spike Reeoviay Dl-l‘l'.;ﬁl\ll.‘ acceptod rmovm-\;“lilmiu

1 - Analyte detected below quantitation limits

B - Analyte detected in the associated Method Blapk

* - Yalue exceods Maximum Contaminant Level

R - RPD} outside accepted recovery limits

E - Value above quantitation range

Page 1 of 2
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Hall Environmental Analysis Laboratory

Date: 03-Mar-03

Lab Order:

CLIENT: Daniel B. Stephens & Assoc. 0302172
Project: DBES & A
Lah TD: 03021 72-07 Collection Date: /272003 2:00:00 PR

J§ - Aralyte detected below quantitation limits

B . Analyte detoctad in the associated Mctbod Blank

* . Value cxcecds Maxiznm Contamina Level

Client Sample ID: MW-15 (28.5-29.5) Matrix: SOIL

Analyses Result Limit Qual Units DF Date Analyzed

TOC BY WALKLEY BLACK Analyst: HVA
TOC 0.13 014 "% C 1 21282003

Lab ID: 0302172-08 Collection Date: 2/27/2003 2:00:00 FM

Client Sample ID;: MW-15 (38.5-39.5) Matrix: 50IL

Analyses Result Limit Qual Units DF Date Aualyzed

TOC BY WALKLEY BLACK Analyst: HVA
TOC 012 0.10 %C 1 22872003

Lab I: 0302172-09 Collection Date: 2/27/2003 2:00:00 FM

Client Sample ID: MW-16 (13.5-14.5) Matrix: SOIL

Analyses Result Limit Qual Units DF Date Analyzed

TOC BY WALKLEY BLACK Anatyst: HVA
TOC 0.19 0.10 % C 1 22852003

Lab ID: 0302172-10 Collection Date: 2/27/2003 2:00:00 PM

Client Sample ID: MW-16 (23.5-24.5) Matrix: SOIL

Analyses Regult Limit Qual Units DF Date Analyzed

TOC BY WALKLEY BLACK Analyst HVA
TOC 0.12 0.10 % C 1 212872003 :

Lab ID: 0302172-11 Colection Date: 2/27/2003 2:00:00 PM

Clicnt Sample [D: MW-16 (28.5-29.5) Matrix: SOIL

Analyses Result Limit Qual Units DF Date Analyzed

TOC BY WALKLEY BLACK Analyst HVA
TOC 0.18 010 %G 1 2/28/2003

Lab I 0302172-12 Collection Date: 2/27/2003 2:00:00 FPM

Client Sample ID: MW-16 (38.5-39.5) Matrix: SOIL

Analyses Result Limit Qual Units DF Date Analyzed

TOC BY WALKLEY BLACK Analyst: HVA
TOC 0.14 0.10 % C 1 2[28/2003

dQn:liMn: ND - Not Detected st the Reporting Limit 5 - Spike Rﬂm\lfuy outside accepted recovery limits

B - RPD ouside accepted recovery limits
E - Value abave quantitation range
Page 2 of 2
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Hall Environmental Analysis Laboratory

.,

(

Date: 03-Mar-G31

CLIENT:  Daniel B. Siephens & Assoc. QC SUMMARY REPORT
Work Order: 0302172

Project: DBS & A Method Blank
Sampie ID MBLK Balch ID: RT488 Tast Code: Walldey Blac  Uniis: % C Analysis Date 20872003 Prap Dale

Client ID: RuniD:  'WC_030228E SeqNo: 170275

Analyte Resuli POL  SPKvalue SPK Refval “REC Lowlimit  Highlimit RPD Ref Val %RPD RPDLmlt  Chat
TOC ND oA

|
. Qualifiers: KD - Mot Detected a1 the Reporting Limit 5 - Soike Recovery outside accepied recovery limits B—Mncdmudin;hcassociatedMedmchnk

1- Analyie detecied below quantitation limils

K - BEPD outside acoepted recovery Himits !



Hall Environmental Analysis Laboratory Date; 03-Mar-03

CLIENT: Daniel B. Stephens & Assoc. QC SUMMARY REPORT
Work Order: 0302172 g le Duplicate
Project: DBS & A ample VP
Sample ID 0302172-0%A Baich !D: RT48 Test Code: Walkley Blac Units: % € Analysls Date 2/28/2003 Preg Date

Client ID:  MW-12 {13.5-14.5) RuniD:  WC_0MZBE Seqhio: 170281
“RPD RPOLmit  Cual

Analyte Reaul POL  SPKvalue SPKRefVal %REC Lowlimi HighUmit RPD Ref Vai

T0C ND 0.10 o 0 9 0 0 o 0 20

Semple ID 030Z172-10A Salch ID: R7488 Test Code: Waikiey Biac Uniis: % G Analysis Dats 2/26/2003 Prep Date

Chent iD:  MW-18 {23.5-24.5) RunlD:  WC_{30228E Seqho: 170291

Analyte Result POL  SPKvalus SPKRef Val %REC Lowlimk Highlimit RPD Ref va *%RPD RPDLmL Qual
TOC o 0.427 0.40 8 0 0 B o 2118 o052

16£T00 NT'T

(ualifiers:

WD - Not Detecled 8 the Reporting Limit
T - Analvte deisciad below quantitation limils

5 - Spike Recovery cutside accepled recovery limits
R - RPD outside sccepted recovery limits

B - Analyte detectod in the associated Method Blank
!
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Hall Environmental Analysis Laboratory

(

Date: 03-Mar-03

CLIENT: ;)amc] B. Stephens & Assoc. QC SUMMARY REPORT
‘Work Order: 302172 : ;
Project: DBS & A Laboratory Control Spike - generic
Sample [0 LCS# Balch ID: RT488 Test Code: Walldey Blac  Unils: %€ Analyais Date 2428/2003 Prep Date
Client I1C: RuniD:  WGC_030228E Seqhk:
Analyta Result SPK value SPK Ref Val %REC Lowkimil HighLimit RPD Ref'Val %RPD RPDUmiE  Cual
TOC 2.B38 2& 1] 109 B0 0

Qlllii—i;;!t NI - Rot Detectad al the Reporting Limit § - Spike Recovery outside accepied recovery limits B - Analyte detcctod in the associated Msthn-d Bla‘nl:

I - Analyte detected below quentitation limits

K - BPD outside accepted recovery limits

i



Boring / Well Log Field Supervi50r: J. Jazmin Sheet 1 _of 1_
Project: Former Angeles Chemical Well Number: MW-9
Drilling Company: Layne Boring Method: Hollow Stem Auger
- Yoate Drilled: 08-07-02 Bore Hole Depth: 50 Start Time: 0815 Hrs
. Water Depth: 31" Finish Time: 0950 Hrs
i |lzf| = il3sz " Graphic Well
& é g E é g,, ;@- E Sample Description Log Constraction
—0
] 10 CLML - SILTY, CLAYEY SAND,
—_] BROWN, W/ MOISTURE, NO ODOR
5
— 35 GL/ML - SILTY, CLAYEY SAND,
) ' BROWN, W/ MOISTURE, NO ODOR
10
] 23 CLIML - SILTY, CLAY, REDDISH BROWN,
] Wi MOISTURE, NC ODOR
15 1 SW -SAND, FINE TO COARSE
- 1 | Wi GRAVEL, W/ MOISTURE, NO ODOR
17.5= SW - SAND, COARGSE, W/ GRAVEL,
20 4.2 | BROWN, DRY, NO ODOR
s SW - SAND, FINE TO COARSE,
55 6.4 | W/GRAVEL, LIGHT BROWN,
— DRY, NO ODOR
§3 B26 | CL-CLAY, BROWN, WMOIS
i g0 4 | CL-CLAY, BROWN, STIFF,
- ' W/ MOISTURE, NO ODOR
35
— 64 SF/ML - SILTY SAND, BROWN,
— W/ MOISTURE, NO ODOR
40
i ’ CL/ML - SILTY CLAY, BROWN,
— W/ MOISTURE, NO ODOR
435
—_ 12 CL/ML - SILTY CLAY, BROWN,
: ' W/ MOISTURE, STIFF, NO ODOR
50 —
LEU 002393 |
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Drilling Log

11

MW-
Pags: 1 of 3
COMMENTS

]

Manitaring Well

v

Y R TR

M-Mtwm
No sampies coleched from

surfece fo 27.6 foat balow

o

—

535920
884240073 &
&in.

Proyj. Mo.

1007430.71 N ey

Angaias Chemicsl
North
Static
Typaltis FPVCA,030 k.

Ownsr
4008
MNoR
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Total Hole Dapth
Water Loveil indiiat
Laeggth 101
Langh XA

14944
149.12 1
Scean: Din 20
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Fif Matncinl 83 580 (20-40) berorsts, chips (26-20) __ Rig/Com  _CME S5Confoyous CO® e

Ddll Co, _LED

Sania Fa Spri

Project _Angeles Chemicel
Casiny: Dia

Top of Casing

Surfacn Elav.

Location

R —
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LogBy _ChuisRohifng  _ [aw

Mathod

402 Pt _NA

1

Ruban
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Deos cription
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Page; 2 of 3

MW-11

Monitaring Waell
838920

Prej, No.

Drilling Log

Ownee  Anovies Chamical

Location _Janie Fe Springs, Call

Project Angelea Chemical

(Galor, Texture, Struclurs)
Gaologic Descriptions sre Basad on the uscs.

T T sn ol ¥as ol os o o of i en ol gt o Sk bl
Pl e o e e Py
A A

R I W L R T o e B R e e I S TS
A A A R A AT S S TR Y
B T o Rt Mt A

16

%

L]

S TY SAND with gravet: Approsdmadely 60% sand, 30% sit s

10% gravel. Sand ix fine (25%) to medium (35%),

mmmw.mumnmb
Dark greanish grary (5C, 41) o

roundind with quartz fragments.
black (N2.5), molet with a strong chemical ador.

subvoundad and micacacus. St

NN N R N NN NN NSNS NN NN

NS NS AN AN N AN SN N N NN N A

LEU 002395

Mhmmm

mm.mmw(ﬂm)wWMam

chemical odor.

Well definad conbact
SLTY SAND: Approdmeiely 60°% sond and 20% alit. Sand b ine
and subsnguler to rounded with abundant quartz closts, SR s
non-plasiic wilth low ioughness.
mmmeﬂ.w.wmamwm.
Crades to poorly graded SAND: Approximataly 40% ne sand and
60% madium sand. Sand is
sord, containg aiancant

Conbausd Next Page
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Drilling Log

Monitoring Well  MW-11
Shas BAL A Puge: 3 of 3
Protect _Angeles Chemical . Qwmer Angelas Chemical . . .
Location _3&nid Ee Spings, Csaiomid Proj, No, 238820
- g Desaiption
E'E" ; gg (Cndor, Taxcture, Struchrs)
* Gaologlo Descriptions ace Based on the USCS.
Continued
i = O
=0 Bl
= * 5 X i"{.:"-.
- nN=N 100% SR
_ ER 3
= N \}
A= Rl vy
- o EERY ¥R
B 8
a8 RE ‘\‘1&“3
= Vel defined contaed -
- =¥ o SANGY SILT: Approdmaloly 70% it and 30% sand. SRis iow
= plasticly, jow kughness, low dry sirengih and rapid distancy. Sand
an = N ia fine, subanguilar o subrounded and
- 40 — micaceous. Dark graylsh brown (2.5Y, 4/2), diy, faint chamkcal odar,
ﬁwmmmunmm
Eﬂdwnmﬁmmm
— 42

HAW COMMERCIAL Rew: 81202 ANGELES.GPJ IT CORF.GDT _130/0%
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APPENDIX B
AIR SPARGING PILOT TEST CHECKLIST
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(

AIR SPARGING F1LOT TEST CHECKLIST

Slte-
Spacific
Question{s) Pliot Tost
Acthvity Answered Approach Comments
Baseling What are agquifar X It is imporiant 1o establish baseline measurements for several key parameters in
sampling conditions prior to order to measure the eflectiveness of the air sparging system.
air sparging Methods for collecting dissolved oxygen measurements; pressure fransducer
startup? measurements: and VOC, and carbon dioxide measuremants are described in
Appendix B of the Design Paradigm {Leeson et al, 2001}
Dissohved
| Cheyrgen X Conduci baseling disscived oxygen measurements.
Pressurg X Pressure data should ba collscted for a long enough pericd t0 assess diumal
transducer data changes in water level (6.g., lidal fluctuations) if they are believed to be significant.
WOUCs, 02, and X Soil vapor concentrations (inciuding VOCs, 02, and CO2 concentrations} should be
COZ2 concentrations measursd prior (o air sparging starfup. This provides initial contaminant mass
estimales and & measure of microbial activity in the vadose zone.
Iritial SVE off-gas X
contarminant If SVE will be wiilized during pilot testing, conduct off-gas sampling and analysis; The
concentrations SVE system shoukd be operakad grior to air sparging stertup. This (1) verifies propar
system operation and (2) establishes WOC volatilization raies from the vedose zone
versus the saturaled zone.
Injection 15 it possible 1o
pressure ard achleve desired x Injaction pressures shoukd be recorded at three fiowrates: 5, 10, and 20 cfm. The air
flowrale test fiowrala at reasonable injection pressure is recorded at the onset of fiow as well as every 5 1o 10 minutes
pressures? until the pressure and flow stabilize. if a Aowrate of at leasl 5 cfm cannot be

achieved withoul exceeding a safe pressure, air sparging is not feasible at this site.

The operating pressure is determined by the depth of the air sparging well below the
water iable and the parmeability of the aquifer.

Tha pressura at which fraciuring of the aquifer may occur can be estimated by:
Piracture [psig] = G.73 * Dsail
whene: D [fi] = depth below ground surface to the top of the air injection welt
screaned interval.

Pressures in excess of Pfracture can cause fracturing of the formation; however, as the
pressure drops off rapidly away from an injection point, the extent of fracturing in
most cases is axpected to be lmited to ihe area immediately surrounding the well.

86£T00 N1

The Lew Group
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AIR SPARGING rw.OT TEST CHECKLIST

Grouncwalar
Pressune response
tesl

What are the
general characterisiics
of the air
distribution’¥

a) Semiconical air
distribuiion in a
homogencus
satting OR

b} irregular shape
due o significan
siratification.

The primary objective of this test is bo assess the lime required for aiflow distribution
1o come to steady state.

Typically, as long as the volume of air below the waler table is increasing, the
groundwater pressure will remain above pre-air sparging levels. As a result, the time
required for groundwatar pressure to return o pre-air sparging values is & good
measure of the time required for the macro-scale air distribution to come 1o sbeady
siate.

For hamogeneous media {e.g.. uniform sands}, the time requined for air sparging
pressures {0 reium to pre-air sparging vatues will generally be measured in tens of
minules to a few hours. If the site is siratified with lower-permeability layers, then the
graundwater pressure may remain sevated for lens of hours bo days.

Generally, at sites where groundwaler pressures remain elevated by more than a few
tens of centimeters for more than B hours, it can be assumed that the air disiribubion
is controlled to a high degree by the structure of the aquifer. It will be important to

Helium tracer

The Leu Group

What is the tateral
extenl of the air
distribytion?

Are there indications of
preferential flowpaths?

determine if the air is being delivered to the treatment srea in an effective mannear.

Helium can be usad in two primarny ways as a tracer for air sparging systems (Leeson
et al, 2001). In both tests, a rechargeable helium leak detector is used to detect
helium at concentrations from 0.01 1o 160 percent

To characterize the Injected air distribution pattern in the subsurface, helium is added
to the sparge air al a known rate to achieve a steady helium concantration of about 2
to 10% by volume. Immediately afier helium injection, until 20 minutes have lapsed,
all of the vadose zone moniting points and groundwater monitoring wells are
monitored for helium. The helum measuremeants show which pertion of tha

saturated zone is coming indo contact with the injected air.

To assess the effectiveness of the SVE system in capturing the injected air, helium is
added into the sparge air at a known rate ang the SVE off-gas is monitored for the
appearance of helium. injection should conlinue urlil a stable heliom concentration
is achieved. The fraction of helium recoversd by the SVE system is calculated.

Helium recovery data fends to fall into two rangas. The sparge air either makes it 1o
the vadose zone and is coliecied by the SVE system with a high {a.g., >70%}
recovery, of the air is stratigraphically trapped, pushing it bayond the SVE system or
out monitoring wedls, in which case recovery is low (e.g., <20%).

PageB -2
Former Angoles Chernical Site

March 2005
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AR SFﬁRGH\IGlI—u.ﬁT TEST CHECKLIST

SVE offgas  |Whatis the
sampling volatilizakion rate’? With an SVE system, increases in contaminant concentrations in the SVE off-gas,
and 1he SVE extraction flowrate can be usad to estimate the mass removal rate.
Arg there any
obvious safety Maasuraments made during the shart duration of a pilot test are not indicative of
hezards? kong-tarm performance. However, it can generally be assumed that the pilot test
dala represent the maximum removal rate from tha system (pre~optimization). In that
context, if mass removal rates during the pilod test are very low, then there should be
significani concem about the viabikty of air sparging af the sile.
Dissolved What is the
oxygen {D0) approximate lateral If the preliminary measurements show low DO concentrations (e.g., less than
measurements extent of the air 2 mgiL}, il may be pessible ko identify areas where air sparging has resuited in
distribytion? increases in DO. To determing this, disschved oxygen shouid be measured in all
groundwater monitoring peints immediately following the pilot test
Are there indications of
prefarred directions? Al many sites whera aclive biodegradation is ongoing, there may be significant
quantities of reduced spacies (8.g., Fe{2+)) which aci as rapid sinks for cxygen and
masks the delivery of oxygen fo thet region.
Microbial consumption of cxygen can be very high, resuliing in oxygen baing
cansumed as rapidly as it raaches an area, and therefore cannot be detected with
instrumentation.
Care must be taken o avoid artifacts caused by air entry into monitoring wells and
prefarential asration within the well (Johnson e al., 1987].
Other Are there any
chservations odars, noise, or It is important to note any qualitalive indicators of air distribution, such as bubbling or
other factors qurgling noises in wells, water “fountaining” out of monitoring points, etc.
present that make
system opsration H s also important to be aware of odors due 1o the contaminants, noise due to tha
less accepiable? equipment, or other environmental factors.
These factors may nct maka air sparging infeasible from a technical standpoint, but
may make the system less acceptabie for the community.
| o
' The Leu Group Forrnerﬁn;?;!:hanimlstha
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AIR SPARGING HILOT TEST CHECKLIST

SF6
distribution
Ll

What is the vertical
and lateral extent

of the air distribution
in the target
trealmant zone?

Whai are the corgen
transfer rates
to groundwatar?

SF6 is used as a tracer that mimics oxygen to datermine tha distribution of air in the
groundwater (Johason et al., 1996).

SF6 has a water solubility that is similar to oxygen; howewer, SF6 has several
advantages over oxygen and as a resuli the tast can be both more sensilive and
mcre guankitative.

the groundwater sample can be determined.

SF6 is blendad with the injection air stream at a known congentration for a period of
12 o 24 hours. Al the end of the SF5 injection pericd, groundwadar samples are
collecied and analyzed for SFB. The duration of SFS injection and the cumuiative
valume of groundwater sample sre recorded. Based on the concentration of SFG in
the injected air, and the Henry's iaw constant for SFB, the percent saturation of SFG n

In genaral, the results can be divided into three groups: (a) values approaching
saturation {e.g., >40% of theoretical sclubility} indicate that the sample location hes
within the "zone of aeration” of the air sparging system; {b) samples with low concentralions
of SF6 [e.g.. <10%) indicate that an air channe! may be in the vicinity of the
sampling location (e.g., it may be within the "zone of treatment™) but the air saturation
in the aquifer at that point is probably low; and (c} samples that have no SFE present
ara presumed 1o lie oulside both the aeration and trealment zones.

Checklisl based on Matrix provided in Appendix G of "AIR SPARGING GUIDANCE DBOCUMENT", NFESC Technical Report TR-2183-ENV,
Battells, August 31, 2001

The Leu Group
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e’

Procedures for Conducting Helium Tracer Tests to Evaluate

Recovery of Injected Air During Air Sparging Pilot Test

1. Introduction

a. Introduction to In Situ Air Sparging (IAS)

Air Sparging (AS) is a groundwater remediation technique in which air is injected diractly into
a water saturated medium to remove contaminants by volatilization and to enhance aerobic
degradation. AS is used both to remediate aqueous groundwater plumes and to treat
sources which contain nonaqueous-phase liquids (NAPLs).

The setup of an AS remediation system is shown schematically in Figures 5-2 through 5-8, It
generally consists of one or more air injection wells and one or more SVE wells. As
mentioned above, the primary purposes of the injection well(s) are to volatilize contaminants
and to increase aerobic biodegradation by introducing additional oxygen into the
groundwater. These wells are usually designed in a manner similar to groundwater
monitoring wells, except that they generaily have short screens (i.,e., 1 to 2 ft) and are
screened entirely below the water table,

The principal purpoge of the extraction wells is to prevent the off-site migration of vapors
volatilized by the 1AS system. Generally, the setup of the extraction 'wells is similar to
conventional soil vapor extraction (SVE) systems. This often will include an air blower, a
"knockout" drum for removing liquids, and an off-gas treatment system.

The equipment required for the IAS portion of the system is minimal. In addition to the
injection well, all that is generally required is a compressor capable of delivering air at the
desired flow rate at a pressure governed by the depth of injection, It is also desirable to be
able to measure and control air flow and pressure at the injection well.

b. Introduction to Air Recovery Tests

Air recovery tests are an important means of evaluating the performance of SVE systems for
capturing air injected below the water table as part of an IAS remediation system. The
recovery tests are important because they provide direct evidence of the extent to which
injected air may be moving off site. Off-site migration is potentially important because it is a
means by which potentially hazardous concentrations of contaminants can be carried to
adjacent properties.

Page C-1 ——
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2. Test Oblective
a. General Comments

In order to prevent off-site migration of vapors during AS, combined IAS/SVE systems are
often designed in such a way that extracted air flow exceeds air injection by some
multiplicative factor (e.g., 5X). In addition, to demonstrate that the design is working, soil gas
vacuum surveys in the vicinity of the IAS/SVE system are usually conducted. It is generally
conciuded that if no pressures greater than ambient are observed, all of the AS air is being
captured by the SVE system. However, it is generally difficult to relate vacuum data to
recovery of AS air. This is the case because numerous potential air flow patterns in the
groundwater zone can exist. For example, if AS air is injected into sand below a continuous
clay layer, the air may move laterally beyond the radius of influence of the SVE well before it
has the opportunity to reach the water table. In this case, the sparge air might not be
captured by the SVE system.

The previous example implies that under some circumstances pressure measurements
alone will not conclusively demonstrate that 1AS air is being captured. As a consequence, it
is important to conduct tests which can unambiguously determine if all of the AS air is being
captured by the SVE system.

b. Primary Objective

The primary objective of helium recovery tracer tests described here is to unambiguously
determine the recovery efficiency of air injected during AS.

3. Theory
a. Underlying Principal
The principal underlying the helium recovery tests is simple. Helium is injected into the
subsurface at a known rate and the rate of helium recovery at the SVE is calculated from ‘the
observed helium concentration in the SVE effluent and the SVE flow rate,
b. Practical Considerations
In order to successfully conduct a helium tracer test, it is necessary to accurately mea- sure
flow rates and helium concentrations. As a result, calibration of the analytical equipment
(both flow meters and the helium detector) is extremely important. It is also very important to

have a system which is free of leaks. This means not only the injection and extraction
systems, but also the sampling and analysi5 systems.

¢. Steps in Conducting a Helium Recovery Test

There are four steps in conducting the helium recovery test. They are:
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1. Determination of the "100 percent recovery” concentration

Helium is injected at a known rate (the same rate used in the tracer test) directly into the
extraction manifold prior to the helium detector. 1he concentration measured at the
helium detector is the 100 percent recovery concentration, :

2. Injection of the helium tracer

Once the 100 percent recovery concentration is determined, helium injection into the
gparge air can be initiated. This injection rate must be the same as the rate used to
determine the 100 percent recovery concentration.

3. Measuremaent of the helium concentration in the SVE off-gas.

Once helium injection in the sparge air has been initiated, air samples are collected from
the extraction manifold at regular intervals until the helium concentration in the effluent
stabilizes.

4. Plotting of percent helium recovered as a function of time.

Observed helium concentrations divided by the 100 percent recovery concentration times
100 are plotted as a function of time since the initiation of helium injection. The final
values represent the fraction of the injected helium which is recovered by the SVE
system.

4, Test Equipment
a. Overview of Experimental Setup

In order to simplify interpretation, the tests should be conducted by injection of helium into a
single AS well and recovery from a single SVE well. In nearly all cases, tracer tests will be
conducted in conjunction with vapor extraction and injection operations. In that context, the
design and installation of the extraction/injection wells will be dictated by the remediation
design.

b. Calibration of Analytical Equipment Calibration of the Helium Detector

Helium in the extracted air will be measured with a Mark Products helium detector Model
9822 or equivalent with a minimum sensitivity of 100 ppm (0.0t percent).

The helium detector should be turned on and equilibrated for at least 10 minutes prior to
conducting a calibration or obtaining measurernents. As part of the calibration process, the
internal sampling pump of the helium detector should be checked prior to operation to ensure
that it is functioning.

The helium detector should be calibrated each day using helium catibration standards in
air. These standards should be pressurized cylinders of 10,1,0, 0.1, and 0.01 percent
halium in air. The instrument is calibrated by connecting it to one of the pressurized
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standards and adjusting the flow from the cylinder such that some flow comes out of the
vent line. Flow should continue until a stable reading is achieved on the meter (~30
seconds).

Once measurements have been made for each concentration, a calibration curve can be
constructed. If any measured value differs from the reported standard value by greater
than 20 percent, that standard should be reanalyzed. If the value fails to agree upon
reanalysis, the source of the problem should be identified.

Helium standards can be purchased from a specialty gas supplier or they can be
prepared on a pressure or volume basis, The pressure-based approach will be discussed
here. In general, standards should he prepared in canisters which can withstand 10
atmospheres of pressure and which do not affect the quality of the standard. The final
pressure of the standards described here will be 9 atm gauge pressure, which
corresponds to a 10-fold dilution of the concentration of helium added to the canister,
Preparation of standards can begin with canisters filled with helium-free air at a pressure
equal to atmospheric. Standards should be prepared using good-quality pressure gauges
which are calibrated against a reference, Water or mercury manometers are excellent
references. The canister should be connected to a helium source--either 100 percent
helium or a certified mixture (e.g., 1 percent He in air) and a Mau;;neehoazli«:TM gauge.
Helium is allowed to flow into the canister until the pressure rises to a predetermined
gauge pressure. Typical values are listed in Table B-1. The canister can then be brought
to a final pressure of 9 atmospheres.

Table B-1. Typical Pressure Values Used in Preparing Helium Standards

Final Concentration {%) Stock Concentration (%) Final Pressure of Stock in
Standard Canister (atm)
50 100 9
10 100 1
0.9 1 9
0.1 1 1
0.01 1 0.1

¢. Calibration of the Air Flow Meters

Flow rates for the SVE system will generally be in the 10- to 200-scfm range. Vacuum
levels will be at 10 to 200 inches of water below ambient pressure. At these high flow
rates, a large dry gas meter will be required. If a large dry gas meter is not available, an
alternate approach is to use another calibrated flow meter to calibrate the one to be used
at the site. Actual versus observed flow rates should be determined over the range of the
flow meter at several vacuums between 0 and 0.9 atmosphere. Those data should be
plotted as a family of curves with each line corresponding to a different vacuum value.
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Flow rates for the IAS system will generally be less than those used for the extraction
system. However, pressures will be above atmospheric, rather than below. Flow rates
— for tracer injection will be in the range of 0.1 to 1 L/min,

d. Calibration of the Sampling Pump

Under many operating conditions the SVE manifold will be under sufficient vacuum that
automated analytical equipment will not be able to draw an adequate sample from the
manifold. In these cases it will be necessary to use a good quality vacuurn pump to draw
samples from the manifoid and deliver them to the automated analytical equipment. In
the context of tracer tests, two potential problems arise with respect to the vacuum pump,
First, .the pump must be able to move sufficient volumes of air to meet the needs of the
analytical equipment, and second the pump should not AS air which can provide
additional dilution of the sample stream. The procedures below describe how pump
performance can be measured.

Prior to selecting a sampling pump, check the specifications of any automated sampling
equipment to be used to determine the volumes of air required by each. (The Mark
Products helium detector requires ~100 mL/min.) The first step is to connect the pump to
be tested to the apparatus. If two dry test meters are not avail- able, two calibrated flow
meters of the appropriate ranges can be used. Then turn on the pump and open the
valve so that no vacuum is observed on the gauge. Determine the flow into and out of
the pump by recording the volume of flow that occurs in 1 minute on each of the dry test
meters or the flow rates on the flow meters. Partially close the valve to produce a
vacuum of 5 inches of mercury, and determine the flow rates into and out of the pump.

o
Repeat the previous procedure with vacuums of 10, 15, 20 and 25 inches of mercury.
Prepare a plot of flow rate in and out vs. vacuum. Based on those data, determine the
maximum vacuum that provides sufficient flow for the helium detector. Next, determine
the sampling pump leak ratic as a function of vacuum. Determine if the leakage of the
sampling pump is acceptable (e.g., inflow rate is within a factor of two of outflow rate).
5. Test Procedures
a. Overview of Experimental Procedures
Experimental activities can be divided into the following components. Each is described
briefly in the following sections.
1. Determination of the "100 percent recovery” concentration
2. Injection of helium into an AS point
3. Collection of samples from SVE off-gas
4. Determination of recovery rate (percent) of helium
p—
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b. Determination of "100 Percent Recovery"” Concentration

It is necessary to determine the concentration of helium in the off-gas which represents the
concentration at "100 percent recovery” of helium. To do this, helium: is injected into the
extraction manifold prior to the sample pump at a rate which is the same as will be used for
the recovery test. The steps involved in determining the "100 percent recovery”
concentration are:

1. Estimate the SVE flow for preliminary calculations (e.g., use; the flow meter reading).

2 Calculate the inflow rate Of 100 percent helium to produce 1 percent concentration in
the effluent (See Example Calculation A-1).:

3. Install a. good vacuum pump (metal bellows or diaphragm) to the manifold. (This will
be the same setup as for the tracer tests.) Make sure the pump has adequate flow
and does not leak at the system pressure.

4. Connect the helium source to the manifold near the extraction point and add helium at
the prescribed rate using a calibrated flow meter.

5 Monitor tracer concentration in the extraction system until it stabilizes. (This should
take only a few minutes.) This value represents the 100 percent recovery”
concentration.

¢. Vacuum Survey

It is important to collect subsurface vacuum data prior to initiation of the tracer tosts. These
data provide insight into the general nature of the flow system. For example, if little or no
vacuum is recorded at a monitoring point, it can be expected that there is little flow at that
point. Large vacuums may indicate areas of active flow, however, these values can also
occur within low-flow regions adjacent to higher flow regions. Nevertheless, these data can
frequently be helpful in understanding the general nature of airflow at the site.

The general approach will be to measure soil vacuum with MagnehelicTM gauges. The
same measurements ¢an be made with a manometer or other calibrated -vacuum gauge.
For most sites it will be necessary to have gauges in the following ranges (in inches of
water): 0 to 1 inch, 0 to 10 inches, and 0 to 100 inches.
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Determination of tracer injection rate

Approximate SVE Flow rate = 35 scfm = 1000 L/min
Tracer concentration = 100%
Desired final concentration =1.0%

Need a dilution of 10?

Tracer flow rate = 1000 L/min /102 = 10 L/min

Calculation of “100 percent recovery”" concentration:

To determine the concentration which corresponds to 100 percent recovery, pure
helium is injected into the extraction manifold at the same rate (e.g., 10 L/min) that
will be used during the tracer test. The helium concentration observed under these
conditions is considered to be the value which corresponds to 100 percent recovery.

When the remediation system has been operating for more than one day, determine the
soil vacuum at each point in the system by connecting the appropriate gauge to the point.
After connection to the monitoring point, sufficient time should be allowed for the

vacuum to stabilize (commonly 1 minute).

d. Measurement of Background Helium Concentrations

In most cases, background concentrations of helium will be essentially zero. However, it
is important to make that determination prior to starting any test. These measurements
can be made while the extraction system is in continuous operation. If previous tracer
tests have been conducted at the site, initial concentrations may b~ non-zero. If
concentrations are decreasing with time (i.e., on the tail of the previous test), then if
possible, conditions should be allowed to stabilize prior to initiation of the: next test If it is
not practical to wait for stabilization prior to initiating the test, the volume of injected
tracer can be increased. However, helium concentrations in the influent air should be
kept below 5 percent

e. Estimation of the Rate of Pure Helium to be Injectad

A volume fraction of helium in the effluent stream in the range of 0.002 to 0.0-1 (0.2 to 1
percent) is desired. To estimate the rate of helium injection necessary to produce this
concentration, some initial estimate of SVE air flow must be made. The input rate for
helium is simply the approximate SVE air flow rate times the target volume fraction. If the
IAS rate is low (e.g., <20 percent of the SVE rate), the target effluent volume fraction
should be kept at the bottom end of the range to avoid buoyancy effects in the injection
air (i.e., helium concentrations in the influent air should be kept below ~5 percent).
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f. Introduction of Helium into the Subsurface

Once the preliminary data have been collected and the analytical instrument is calibrat
ed, the tracer test can be initiated. The AS/SVE system shouild have been in operation
for a period of several days prior to initiation of the tracer test. The first step is to start the
analytical instrument and determine the initial helium concentration in the subsurface. If
these concentrations are adequately low, the helium source can be connected to the I1AS
well and the test initiated.

g. Sample Collection

Samples should be collected prior to the extraction pump to avoid dilution and other
errors which may occur in the extraction pump. Samples can be collected after the
extraction pump if the system is correctly calibrated; however, that procedure will not be
discussed here.) The pressure at this point will be below atmospheric, so care must be
taken to insure that a good sample is collected. In generai, samples can be taken from
the extraction manifold using a good quality diaphragm pump or metal bellows pump, or
manually by syringe. (Once again, care should be taken to insure that the pump does not
leak and introduce dilution air.) Pressures below 0.5 atm require extreme care to insure
that a good sample is collected. In high-vacuum situations, the capacity of the pump on
the helium detector may exceed the capacity of the sample pump. This problem must be
addressed by using a sampling pump with adequate capacity.

6. Data Analysis
a. Calculation of Recovery Efficiency at a Particular Point in Time
Recovery efficiency is simply calculated as the ratio of the observed concentrations to

the "100 percent recovery” concentration determined at the beginning of the test
(Example Calculation A-2),

Example Calculation A-2

Calculation of expected concentration and recovery efficiency
SVE flow rate = 1000 L/min (~35 scfm)

Injection rate of pure helium = 10 L/min
Expected concentration = 1% by volume

Observed concentration ~0.65%
Recovery efficiency .65/1*100 = 65%
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b. Time-Series Analysis of Recovery Data

In most cases helium will begin to be recovered within an hour of the initiation of tracer
injection. Helium concentrations can be expected to rise rapidly initially and then to
asymptotically approach some final value. It may be necessary to continue the test for a
period of 24 hours or more to establish the final value of recovery efficiency.

¢. Interpretation of the Recovery Efficiency Data

Recovery efficiencies of less than 100 percent imply that some of the AS air is escaping
the SVE system. The significance of the lost air will depend upon the: potential rigks
posed by off-site migration of the sparge air. There is, of course, some uncertainty in the
measurement of recovery efficiency. That uncertainty stems from uncertainty in flow
measurements (injected helium, extracted air) and measured helium concentrations. In
this context, recoveries of greater than 80 percent probably indicate adequate recovery,
and efficiencies of less than 50 percent generally indicate incomplete recovery.

7. References
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Use of an SF;-Based Diagnostic Tool for
Assessing Air Distributions and Oxygen Transfer
Rates during IAS Operation

Cristin L. Bruce,! llla L. Amerson,2 Richard L. Johnson,? and Paul C.
Johnson"

'Departmant of Civil and Environmental Engineering, Arizona State Uniwarslty. Temps, Arizona;
ZDregon Health and Science Univarsity, OGI School of Science and Engingering, Department of
Environmerdal Science and Engineering, Portland, Oregon

Abstract: A dingnostic test designed to assess air distribution and oxygen delivery rate 1o the aquifer during in
situ air sparging (IAS) is described. The conservative tracer gas, sulfur hexafluorids (SF,), is added upsteam of
the air injection manifold during steady TAS operation and groundwater samples are collected frum the target
treatment zone after some time period (usually 4 to 24 h), The appearance of SF, in groundwater is used to
characterize the air distribution in the target treatsnent zone, while the SF; concentration increase with time is used
10 assess OXygen transfor raics o the target treaument zone, Conversion from SF, concentration to oxygen mass
trunsfer rate involves correcting the SF, concentration increase over time for differsnces in the relevant chemical
propertivs and injection air conceniration, Data presented from a ficld demonstration site illustrate the wiility of
this fest for identifying air distribution details not eadily ideutified by deep vadose zone helium and groundwater
presstire rransducer response tests, Oxygen transfer tates at this site ranged from O to 20 mg-0,/L-H 0/, Finally,
a vomparisun uf shorl-term SF; test data with longer-tenm dissvlved oxygen data illustrated shis test's unility for
anticipating long-term dissolved oxygen distribytions,

and full-scale, as well as use of diagnostic tools for
full-scale performance agsessment and optimization.
Air distribution can be inferred qualitatively from
indirect measurements, such as transient pressure re-
sponses (R.L. Johnson et al,. 20014) and deep vadose
zone helium measurements (R.L. Johnson et al,, 2001b).
Lt can also be assessed directly at discrete points with
the use of dissolved oxygen measurements. However,
Johnson et al. (1997) point out that short-term test

Introduction

In situ air sparging (IAS} is used for the treatment of
contaminated aguifers. 1t has been employed as a source
zone and a dissolved plume treatment option, a chemi-
cal migration barrier, and as a component of other
remediafion systems requiring gas delivery of oxygen,
nuatrients, or other reactams, It is most commonly em-
ployed at petroleumn hydrocarbon spill sites, but is alse

used frequently at chlorinated hydrocarbon spill sites.
IAS systems are often coupled with soil vapor extric-
tion (SVE) systems for capture of liberated contami-
nant vapors. A detailed summary of published IAS
studics can be found in P.C. Johnzon et al, (2001a),
The complexity of the processes involved makes
it difficult to anticipate IAS performance (P.C. Johnson
et al., 2001a). For cxample, performance is strongly
dependant on air distribution in the target oreatment
Zone, and air distribution is very sensitive W subtle
changes in 501 stnucture, Recognizing this, P.C. Johnson
<t al. (2001k) propose a design paradigm that empha-
sizes characterization of air distribution at the pilot-

<24 h) oxygen measurements can be misleading, as
measurabie increases in dissolved oxygen (DO) levels
sometimes occur only after periods of duys o weeks
due to oxygen demand within the aquifer. Given the
advantages and limitations of each individual test, it
has been recommended that a suite of technigues be
used to assess air distibution (P.C. Johnson et al.,
2001b; R.L. Johnson ct al., 2001h), The approach de-
seribed here is complimentary o the methods identi-
fied above, Like PO measurement, it provides a direct
measurement of air distribution in the target treatment
zone at discrete points. This method is a madification
of the approach presented by Johnson et al. (1996). It
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uses a tracer compound and is more sensitive than DO
measurétment as it can identity areas where oxygen
delivery is occurring even though DO levels are un-
changed in the short-term.

With respect to performance imenitoring and IAS
system optimization, conventional monitoring plans
provide tittle opportunity for the real-time perfarmance
assessment and optimization called for in the design
paradigm mentioned above. Practitioners currently rely
on quarterly (or less frequent) groundwater monitor-
ing, and then performance is judged by changes in the
dissolved concentrations over periods of months to
years, With only these data, optimization of IAS sys-
tems i impracticable because conclusions regarding
performance can only be drawn after collecting dara
over time intervals that are comparable to the overail
remediation time frame (months to years). Withowt
system optimization, many systetns may operale longer
than is necessary, and many systems may be termi-
nated prior fo achieving their full potential for
remediation. In fact, the overall performance of JAS
systems has been quite variable to date, and there is
little evidence that system optimization is a component
of conventional practice (Bass and Brown, 1995),

One of the attractive features of the SF, method
described here is that it has dual utility. Tt can be used
to assess air distribution and it can alse be used to
provide near real-time measurements of oxygen trans-
fer rate. Knowledge of oxygen transfer rate is espe-
cially important when treating aerobically biodegrad-
able contaminants; rares can be used to estimate
remediation time frames, and it is desirable to maxi-
mize these rates throughout the targer treatment zone.
Oxygen transfer rates can be determined within 4 to 24
h with this method, so it can be used for system perfor-
mance assessment and oprimizarion. The authors are
unaware of any other diagnostic tools for uses such as
this, other than the complementary push-pull diagnos-
tic test described by Amerson et al. (2001).

Diagnostic Tool Methodology

Overview

Application of the SF, diagnostic tool is illusirated
schematically in Figure 1. During either 1AS pilot-test
or full-scale operation, a honreactive gas (racer is
metered into the sir injection manifold at a constant
rate. As the air-tracer mixture flows through gas chan-
nels in the aguifer, tracer paritions inte groundwater
and moves away from the air channel-groundwater
interface through the combination of diffusion and
dispersion/advection. After a period of constant injec-
tion (usually 4 to 24 hours), groundwater within the
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target treatment zone is sampled at locations of interest
and dissolved tracer concentrations {C.., [mg/L]) are
measured.

Dissolved tracer concentration in equilibrium
with the injection air sweam (C™ . [mg/L]) is
also measured. This is accomplished by bubbling a
slip-stream of the injection ait/tracer mixture through
a groundwater sample as shown in Figure |, and
then measuring the dissolved tracer concentration in
that sample.

Data Reduction

Given the short duration of the test, the presence of
wacer in a groundwater sample is interpreted qualita-
tively to be an indication of the presence of gas chan-
nels within the sampling volume. Higher concentra-
tions might also be interpreted to suggest a higher
density of air flow channels.

Oxygen and tracer are delivered to the subsurface
in the injected air stream, and then they both partition
to groundwater. Differences in delivery rates occur as
a result of differences in concentration in the injected
gas stream and differences in chemical properties.
Theory suggests that the delivery rate is limited by
water-phase diffusion processes (e.g., Ahlfeld et al.,
1994; Johnson, 1998). In this case one can approxi-
mate the mass transfer rate for a chemical i <m;> jmg-

id]:

Dl Mmax
= i 55 g 1
< m; > A(ﬁ) y (1)

where A is the interfacial area [m?}, D, is the diffusion
coefficient for the chemical in water (m#/d], & is the
diffusion path length {m), and €™ {mg/m®] is the
dissolved chemical concentration in equilibrium with
the gas phase concentration at the air-water interface,
As A and & shoutd be the same for all chemicals, we
use Equation | to write:

<m, > _[ D, )(C,?‘“] @
= ml’l‘ﬂﬂl‘l’ :‘ Dﬂ"ﬂCﬂ‘ C.I'Tl:’.“ff

The subscripts “o” and “tracer” sefer to oxygen
and the tracer, respectively. This expression can be
rearranged for the case where <m,,.> is known and
<m, > is desired:

[LiEY
< m, »= [ Dﬂ )[ C:,,u ]{ mrrur:rr > (3)
DI'M(.‘!?’ Cn'ucrr

Bruce et al.
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Using experimental dara, the time-averaged tracer trans-
fer rate to a given sampling volume is calewlated from the
memsured concentration increase C,,, .. [mg/L], the sampling
volume V [L), and the tracer injection duratin T [d]:

C, Vv
L Mgy = =~ — (4)

T

Therefore, the tme-averaged oxygen mass trans-
fer rate to the sampling volume can be written:

{m,,>=(gw][ D, ]Q’,"“V )

max
C"'W.‘ﬂ‘ Dﬂ"dl!‘d‘l" T

The muss ransfer rate can also be expressed as a
rate per unit volume m* [mg-Q,/L-H,Q/M):

Max
m#:_{mTfQ:b':[gI;‘ﬂ:;r}{ Dn ]CHT (6)
rocer

DF FuceEr

Diffusion coefficients in water for some chemi-
cals are tabulated, and others can be estimated from
empirical relationships (Bird et al., 1960), Given the
approximate nature of this theoretical analysis and the
observation that many diffusion coefficients in water
fall in the range of 1 o 2 x 10~ cmé/s, the ratio of
diffusion coefficients in water can be wreated as unity.

In summary, this analysis is based on the assump-
tion that oxygen and SF; transfer processes are similar
and that the rates are proportional to the equilibrium
air channel-groundwater interface concentration and
the molecular diffusion coefficient in water. This cal-
culation also assumes that both species are nonreactive,
whereas oxygen is likely to be consumed at sites where
aerobic bindegradation reactions occur. Thus, it can be
argued that this caleulation might underestimate the
actual time-averaged oxypen delivery rates to an aqui-
fer as the driving force for mass transfer (concentration
gradhents) would be higher under conditions where a
chemical was being consumed, Furthermore, it is im-
portant to note that the rate estimate obtained from this
methodology 15 a hme-averaged quantity, and conse-
guently mass transfer rate estimates will be greatest for
data from shorter tests when the concentration differ-
ence between C . and C™_ - is large. Adminedly,
this method of analysis is simphstic, but we believe
that the approach should provide reasonable order-of-
magnitude estimates of oxygen delivery rates. Other
than the push-pull test described by Amerson et al.
(2001), this is the only tool currently available for
obtaining this information.
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Tracer Selection

5F; was the wacer initialty selected for testing of this
diagnostic tool. 5F, is a gas at standard conditions; it
is also a nondegrading and a nonreacting compound at
typical environmental conditions. It is commonly used
to trace leaks in verdilation and mine-face systems and
has also been applied to groundwater and geothermal
investigations. It is sparingly soluble in water and has
a Heory's Law constant much grearer than unity (ap-
proximately 150 mg/L-air/mg/L-H,0; Amerson 1997),
5F; is detectable in the low parts-per-trillion by vol-
ume (ppt,) range with the use of a specialized SF,
detector (Lagus Applied Technologies, Torrance, CA)
ar other gas chromatograph (GC) equipped with an
electron capture detector (ECD). 5F, was selected for
this work because its large Henry's Law constant makes
analysis from groundwater samples relatively simple
and because it can be detected at such low concentra-
tions. It can be added at low parts-per-million by vol-
ume (ppm,) concentrations to the air injection mani-
fold and this greatly reduces the volume of tracer gas
required for the test. Both oxygen and SF; partition to
trapped gas in aquifers to a similar degree and both
partition to nonaquecu: phase liquid (NAFL), The
effect of partitioning to NAPL on the results of this test
is not understood ar this time,

Diagnostic Test Procedures

A sample test protocol is given below, Tt is followed by
a discussion of procedures and caleulations specific to
the use of 8F,. The test is conducted only after the [AS
system is operating at steady conditions,

i Determine the desired groundwater extraction
volume based on how large a volumie of aqui-
fer is to be assessed about each sampling point.
In this work groundwater samples were ob-
tained from small volume discrete-depth sam-
plers and the volume was typically <1 I,

2. Prior to tracer injection, collect groundwater
samples for baseline tracer concentration mea-
surements, At least one well-borehole volume
is purged prior to sampling, It is critical that
groundwater samples be collected without
causing gas bubbling through the sample as
this can affect dissolved tracer concentrations,
Disselved oxygen (DO} concentrations cun also
be measured ar this time.

3 Based on the baseline racer concentrations,
determine the target wacer concentration in
the injection air. To be consistent with the
mathemnatical analysis and to ensure a reason-
able dynamic measurement range, the injec-
tion air tracer concentration should be high
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enough that Cmes . js at least 100 times greater
than the baseline concentralion.

4, Attach the tracer gas line to the air injection
line at least ten pipe diameters upstream of the
manifold connecting all air injection wells to
allow adequate mixing.

5. Initiate flow of tracer at the target injection
rate; use a3 back-pressure valve to adjust the
tracer gas pressure al the flow meter to at least
15 psig above the pressure in the air line 10
minimize effects of air injection line pressure
fluctations on the tracer delivery rate.

6. Using the slip-stream valve on the air injec-
tion manifold (see Figure 1), bubble the air
stream vigorously through a 40 mL VOA vial
coataining initially tracer-free groundwater for
abour 2 minutes, then analyze and compare
with the target Cm= __value. Adjust the tracer
injection rate as necessary and repeat this step
until the target concentration is achieved,

7. Allow the tracer gas to flow at a constant rate
into the air injection line and keep the IAS
system running 4 to 24 hours,

L8 Collect the desired volume of groundwater
from the sampling points/wells, mix, and then
fili a VOA vial (allowing no headspace in the
sample) with a sample from this larger vol-
ume.

9. Analyze dissolved tracer concentrations for
all sarnples and analyze data as discussed above
{see Equation 6).

SF, - Specific Methods and
Procedures

Groundwater SF, concentrations are determined us-
ing a headspace technique coupled with GC-ECD
analysis. In brief. groundwater samples are col-
lected in zero-headspace 40 mL VOA vials. Using
wo syringes, a volume Vy (usually 1 mL) of the
groundwater sample is removed into one syringe
by pressure dispiacement using a second syringe
containing SF,-free water, The groundwater sample
is then injected into a sealed and empty 40 mL
VOA vial that has been purged with UHP nitrogen
and sealed. An additional 5 mL of UHP nitrogen is
added through the septum and the vial is shaken
vigorously, Then 3 mL of the headspace is with-
drawn and injected into the GC-ECD for analysis.
The large Henry's Law constant for SF, ensures
essentially complete partitioning of the 5F, from
groundwater into the vial headspace (=99.9% for
these conditions). The original dissolved concen-
tration C,, .., and the measured headspace concen-
tration Cp, are related by:

Yias Cus 7

prucer = V
w

where Vg and Vi denote the headspace velume and
volume of water in the nitrogen-purged vial, Tt is pos-
sible to analyzc one groundwater sample approximately
every 5 minutes with this approach,

It is important to note that the vial purge steps are
extremely important as the concentration of 5F, in
ambient air increases during the test and this can cause
cross-contamination of samples. Also, in some areas,
industry emissions of SF, are significant enough that
ambicnt air contains SF, at concentrations in the low
ppb, range.

As mentioned above, the target injection rate
for 8F, into the IAS injcction air stream is deter-
mined based on the bascline 5F, concentrations in
groundwater, Instrument detection limits also need
to be considered. In this work a specialized SF,
detector having a linear response range of about
0.01 1o 50 ppb, was used, To make best usc of the
instrument's dynamic range and 10 avoid saturating
the detector, it was decided that the SF; injection
rates should be adjusted so that maximum measured
headspace SF, concentration €™, would be about
10 ppb,,

Knowledge of the baseline tracer concentration in
groundwater, the target maximum headspace concen-
tration and Equation 7 determing the minimum ratio
Vu/Vw 10 be used in the analysis, The target SF,
injection rate Qgpg {ft*/min] is calculated using Equa-
tion 7 and Henry's Law;

Qsr, = Qur H Che’ [ppbv](v—““]x 10° (8
] vw

where C™,,, is the maximum target headspace con-
centration [ppb,}; Qg is the injection rate of SF, [{tY/
min); Q,, is the total injection rate of SF, + air (ft'/
min]; H is the SF, Henry's Law constant [150 (mg/L-
air)img/L-H,0)]; Vy is the volume of groundwaler
used in snalysis [mL]; and V, is the volume of
headspace used in analysis [mL].

For example, for an [AS system with a total injec-
tion rate of Q=100 fi%/min, a turget headspuce con-
centration of C™»,__ =10 ppb,, V=1 mL and V=39
mlL., the target injection tate of SF, is Qu,=165 mL/
min [=0.006 1*/min].

Finatly, it should be noted that if one wishes
to conduct multipke tests scparated by relatively short
penids of lime (e.g., days o weeks), then il is
prudent to conduct the initial test at a lower larget
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concentration and then increase the target concentra-
tion by about an order of magnitude or more for each
successive test,

Application of the Diagnostic
Test

Field Site Description

The diagnostic test was initially applied at the Hydro-
carbon National Test Site (HNTS) located at the U.S.
Naval Construction Battalion Center in Port Huenerme,
California. At the HNTS, groundwater had been im-
pacted by a relatively large gasoline release from the
Base service station, The push-pull test was applied to
a 20-m x 20-m IAS study area located within a larger
(approximately 50 m % 300 m) residual immiscible
hydrocarbon source zone, This study area was equipped
with an exiensive monitaring network, and the site
hydrogeology and contaminant distribution were al-
ready well characterized.

A plan-view schematic diagram of the test site
monitoring network is shown in Figure 2, The monitor-
ing system included 12 multilevel monitoring instalta-
tons, each containing a bundle of 15 0.32-cm inner
diameter (ID) (1/8-inch) color-coded, stainless stecl
sampling lines with ports ar 0.6, 1.2, 1.8, 2.4, 3.0, 3.4,
17,40,4.3,46,49,52,55,58,and 6.1 m (2,4, 6, 8,
10, 11, 12, 13, 14, 15, 16, 17, 18, and 19 fi) below
ground surface (BGS). The groundwater table was at
approximately 3-m (10 fi) below ground surface, and
the immiscible hydrocarbon smear zone extended from
approximatzly 3 to 4 m (10 to 13 ft) BGS. Dissolved
total hydrocarbon concentrations in the smear zone gen-
erally exceeded 1 mg/L. The TAS well was screened
from 5.8 to 6.1 m (18 to 20 ft) BGS. Previous smdies
have shown that the air distribution in the aguifer is
nonuniform about the air injection point, exhibiting ten-
dencies w0 flow along the axis defined by MP6, MP12,
MP3, and MP9 well {R.L. Johnson et al., 2001h),

The 5F, diagnostic test was applied during the pilot
study at an LAS air injection flow rate of 570 standard
L/min {20 standard cubic feet per minutefscfm}).

Assassing Air Distribution
Table | presents the dissolved SF, concentrations re-
sulting afier 24 h of 8F, injection. The concentrations
are expressed as saturations (=C, O 100%).
While measurements have been made and are reported
from 3.0 to 5.8 m BGS, the tarpet treatment zone at
this site is the 3.0 w0 4.0 m BGS interval.

Overall, the SF; data set shows a nonsymmerrical
and irregular air distribution. High saturations at MP1,
MP2, and MP3 suggest that air leaving the IAS well
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initially flows upward within 1.5 m of the injection
well as it moves towand the water table. This behavior
iz 10 be expected in relatively homogeneous sandy
aquifers (P.C. Johnson et al., 2001a). What is unusual
is that some of the air flow becomes stratified at a
depth of about 4 to 4.5 m BGS, and it moves preferen-
tially along the axis roughly defined by MP9 and
MP12. This hypothesis is supported by the high satu-
ratons at MP3, MP6, MP9, and MP12 in the upper
part of the aquifer (3 to 4 m BGS) and low saturations
at other points. For reference. the air distriburion at the
water table suggested by this data is similar to the
distribution inferred from deep soil gas helium data at
this site (R.L. Johnson et ul., 2001b).

O, Mass Transfer Rates

Table 2 conrains the 24-h average oxygen rmass (rans-
fer calcutated from the data in Table 1. The oxygen
mass transfer rates range from about 0 to 20 mg-O/L.-
H,0/d. Assuming a stoichiometry of 3 mg-oxygen
required per mg of hydrocarbon, the IAS system can
support aerobic biodegradation rates ranging from 0 to
7 mg-hydrocarbon/L-H;O/d, with these rates being
spatially disrribured as shown in Table 2,

Comparison of Short-Term SF6
Distribution with Longer-Term
Dissoived Oxygen Distribution

DO measurements were made after 7 d of 20 ft*/min
air injection. Prior to this, the pilot systemn had been
operated for 14 consecutive days; 7 d at 5 ft/min and
7 d at 10 ft*/min. It is useful to compare the short-term
SF, distnibution with the longer-term DO distribution
to gain some insight as to how well the short-term
diagnostic test results relate to longer-tenm DO distri-
butions.

Table 3 presents the DO concentrations expressed
as satwrations (=C_/C™"_ x 100%). In comparing Table
1 and Table 3, we look for qualitative similarities in
the spatial distributions and not quantitative agreement
with the satrations. Overall, both suggest asyminetric
air disribution, with little oxygen delivery in the reat-
ment zone at MP1, MP3, MP7, MP1{), and MPE1,

With respeet to differences between the two,
axygen increases have occurred in the target treat-
ment zone at MP4 and MP8. Also of interest are the
increases in DO levels below the treatinent zone in
areas that 3F,; data suggest are not directly affected
by air flow, These DX increases could be the result
of groundwater advection and vertical dispersion
from areas of air flow combined with little oxygen
demand {as this zone lies helow hydrocarbon-im-
pacted soils).
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Table 2. 24-hour average oxygen mass Iransfer rates [mg-Cy/L-HO/d] calculated from SFg data during the 20 SCFM IAS pilot test (ns — groundwater

samples not collected at this point as gas was recovered instead of waler)
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Summary

In summary. a gas-tracer diagnostic 1est for IAS sys-
tems has been developed and tested. This test is atrac-
tive because of its dual nature; it is useful for assess-
ment of air distributions and oxygen mass transfer
rates. The 1est can be conducted in a relatively short
period of time and therefore is useful for pilot test air
distribution characterization and full-scale system op-
timization. By monitoring changes in dissolved SF,
distributions and oxygen transfer rates with changes in
system operation and design, IAS system performance
can be optimized. To date, no other short-term diag-
nostic tools have been developed for IAS system op-
fimization.

Data presented from the initial application illus-
trate its utility in identifying air diseibution details not
readily identified by deep vadose zone helium and
groundwater pressure transducer response tesis, Oxy-
gen transfer rates at this site ranged from 0 10 20 mg-
0,/L-H,0/d, and this information is valuable for as-
sessing potential significance of contaminant removal
via aerobic biodegradation. Actual serobic biodegra-
dation rates could not exceed rates calculated from the
oxygen delivery rates. Measurements at other sites not
discussed here have ranged from 0 to 150 mg-0./L-
H,0Q/d. Finally, a comparison of short-term SF, test
data with the longer-term dissolved oxygen data illus-
trated the utility of this short-term test for assessing
long-term dissolved oxygen distribution.
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